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TRANSACTIONS 
- ILLUMINATING ENGINEERING SOCIETY 


Vou. XVIII OcTOBER, 1923 No. 8 


Service 


HE Accomplishments of the Illuminating Engineering 
Society, since its inception seventeen years ago, have been 
noteworthy in its direction of advancing the knowledge of the 
science and art of Illuminating Engineering. That its endeavors 
in this field have been recognized is evidenced by its growth and 
continuous success. It should not, however, rest upon these 
achievements alone, but these activities should be accompanied by 
an earnest effort to be also of material value in creating agencies 
through which the information and data acquired may be sent 
broadcast to the thousands of interested individuals in the lighting 
industry spread out over the country. 


The Constitution of the Society provides a means by which this 
may be accomplished. In fact, it offers two ways: First—the 
society publication, TRANSACTIONS, an excellent means of 
spreading the knowledge, which is a reference and permanent 
record of our activities; Second—and of extreme importance, 
through the medium of meetings of the Sections and Chapters. 
Not enough stress can be laid upon the latter method. As these 
meetings increase in importance, attendance and popularity, the 
service to the industry increases in like proportion. Yet there is 
not a sufficient number of these Sections and Chapters, as they 
should be established in all of our larger cities, and it is for this 
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purpose solely that great emphasis is now being placed upon this 
activity. The importance of this issue must not be underestimated 
for the proper functioning of the Society as a whole depends prin- 
cipally upon its Sections and Chapters and through their success 
only can our organization establish a very definite standing in the 
lighting industry and increase our opportunities to be of actual 
service to all branches. 

It is primarily our function to disseminate useful information 
that will aid in bringing about improved lighting conditions. This 
can more readily be accomplished by a closer cooperation of the 
various Sections, Chapters and Local Representatives throughout 
the country. The progress made by us has a material bearing upon 
the atmosphere of a community, and it is our great responsibility, 
therefore, to see that all channels through which our information 
may be disseminated are taken advantage of. And, by close com- 
munion of these agencies we can more readily accomplish our 
object of rendering a real service to the industry. Progression, 
not retrogression should be our constant aim, which might be 
reduced to a formula :— | 

(S+C)” = (sta+r) = TRUE SERVICE 
transcribed meaning, Sections, plus Chapters, to the nth power, 
should yield Suggestions, plus Action, plus Results, which again 
reduced, yields TRUE SERVICE. 


Ge 


Foreword on Proposed Activities of Committees 
BY CLARENCE L. LAW 


T the suggestion of the Committee on Editing and Publication 

a communication was sent to each Committee Chairman, ask- 

ing for a brief statement on the proposed activities of their Com- 
mittees for the coming administrative year. 


The response to this request was very gratifying and the reports 
that follow will give some idea of the proposed work which the 
Committees will undertake. | 

The functions of the Board of Examiners and the Finance 
Committee are outlined in the Constitution and therefore, no 
statement from these Chairmen has been made. 


It is hoped that all Committee Chairmen will feel free to attend 
any or all of the Council Meetings, held each month during the 
year, so that they may have the opportunity of reporting personally 
on the progress of their Committee as well as to form some idea as 
to how the Council functions. 

Council Meetings are held the second Thursday of each month, 
at the headquarters of the Society, unless otherwise arranged. 
Committee Chairmen, when attending these Council Meetings, 
should be prepared to report briefly, as the time at the disposal of 
the members is limited. 


Committee on Papers 

The Committee on Papers is planning to render as much service 
as possible to Sections and Chapters. Asa step in this direction we 
are now at work compiling a list of available sources of speakers 
and papers. 

Several of the manufacturers, laboratories and other organiza- 
tions have men who frequently travel about the country. Many 
of these men are recognized leaders in the development of the art of 
illumination. It is believed that in general they would be glad to 
address sections or chapters as opportunities arise. 

The Committee on Papers will send each Section, Chapter and 
Local Representative a list of men who are willing to volunteer for 
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this activity, the subjects on which they are best qualified to talk, 
and will further endeavor to develop some scheme whereby the 
official representative is kept informed of travelling itineraries, etc. 


To expedite publication of the TRANSACTIONS it is planned to 
more closely coordinate the work of the general committee with the 
sectional committees. When papers of interest to the Society as a 
whole are presented before sections they should appear in the 
TRANSACTIONS. It has been somewhat difficult in the past for the 
office to obtain copies for consideration. This is a matter calling 
for closer cooperation on the part of Section Chairmen. 


It is hoped to make the program at the annual convention as far 
as possible of direct practical value to the rank and file of the mem- 
bership. It is believed that a few papers of the highest grade are 
preferable to a long program treating many subjects. To this end 
the Committee will welcome suggestions as to topics that are 
believed to be timely and of the greatest value to the greatest num- 
ber. With these suggestions in hand your Committee will endeavor 
to obtain a paper from the best authority on that particular phase 
of the art. 


It seems desirable to have more discussions of papers than has 
sometimes prevailed. It is in discussion that the various sides of a 
given question are brought forth. For this to take place it is neces- 
sary that the papers be available for study by the members in 
advance of the convention. The attempt will therefore be made to 
carry out this and a special effort to secure discussion from those 
qualified. 


The Committee bespeaks your interest, cooperation and frank 
expression of opinion on its work. 
ALVIN L. PowE.u, Chairman 


Committee on Editing and Publication 


The TRANSACTIONS of the Society are perhaps the biggest single 
effort which is undertaken by the Society. The direct expense of 
printing and publication is about one third of the Society’s expenses 
and if the General Office expenses for labor, printing and postage in 
this connection is allocated to the proper cause, the expense of the 
Society for the Transactions will probably be found to be about 
half of its income. 
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Realizing this and that the TRANSAcTIONS are the medium 
for reaching all of the membership (it is probable that less than 
one half of the membership is affiliated closely with the sectional or 
chapter activities) it is the Committee’s hope that the TRaNnsac- 
TIONS may be made, even more than in the past, a medium for 
the dissemination of news of the industry in addition to its function 
as the archives of the Society’s deliberations. 

The attempt will be made this year in cooperation with the 
Committee on Papers to issue the TRANSACTIONS on a definite 
schedule. The membership in general can help this program in 
two ways. 

First, by sending to the General Office when occasion permits, 
notes on items of interest to lighting men, clippings from other 
papers for our Reflections section and news of the various unusual 
installations which are being completed from time to time, or notes 
about men of the industry; 

Second, by correcting and returning promptly manuscripts for 
discussion. A copy of the TRANSACTIONS is in a sense like a 
picture puzzle, almost useless unless all the parts are available 
and in their proper positions. 

The Committee bespeaks your active cooperation in these two 
particulars and promises that as this is effected, it will be reflected 
in a corresponding improvement in the numbers of the TRANS- 
ACTIONS which come to you. 

NorMan D. Macponatp, Chairman 


Commitiee on Lighting Legislation. 


During the year 1923-24 the Committee will be occupied largely 
with acampaign to bring the revised Code of Lighting School Build- 
ings to the attention of legislative bodies, school boards, architects, 
and others interested in enactments, rules, and regulations in regard 
to school buildings. 

It is planned to issue a simplified version of this Code, much 
abbreviated, for the use of those who find the present Code too 
technical. 

The campaign of education to be conducted in connection with 
the introduction of the School Lighting Code and the adoption of this 
Code by the states will be much the same as the campaign that was 
conducted in the case of the Factory Lighting Code. The work on 
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both of these Codes will be carried on along similar lines under the 
following headings: 

(a) Preparation of a guide to inspectors and cooperation with 
states, municipalities and others in interpreting the rules, regula- 
tions and provisions of the Codes. 

(b) Lectures by representatives of the Committee, to school 
authorities and factory representatives. 

(c) Service on international, national, state and municipal 
committees. 

(d) Representation at public hearings on the Codes. 

(e) Circularization to legislative bodies in those states that 
have not put the Codes into effect. 

The Committee plans to continue the campaign to further the 
general recognition of the importance of light as a factor in accident 
prevention, and in particular to bring about the inclusion of the 
item of lighting as a prominent clause in all industrial accident 
insurance policies. 

Louis B. Marks, Chairman. 


Committee on Membership 


Thesplendid work of the Committee on Membership aided by the 
members in general resulted in the election of 289 new members 
during the past year,—an increase of 58.5 per cent over the mem- 
bers elected during the preceding year. 

The aim of the Society, namely, ‘“The dissemination of knowl- 
edge relating to the theory and practice of Illuminating Engineer- 
ing’”’ can best be accomplished by an ever-increasing membership 
in the Society. 

A knowledge of the principles of Illuminating Engineering 
brings about the realization of the great benefit it engenders to 
mankind and the creative force it is to more and better business. 


The Committee on Membership has signified its willingness to 
serve again in that capacity, and the Society may rest assured that 
they will do everything in their power to surpass the splendid 
record just made. It seems only fair to expect that the members in 
general will do their part and the procuring of one new member by 
each member of the Society would mean the doubling of its mem- 
bership and would evidence on their part a serious interest in the 
Society’s welfare. 
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The Chairman sincerely hopes for this cooperation, and will be 
very glad to give any information or aid to any member having 
a prospective member in view. He further desires to express his 
appreciation to all those who aided in the past year’s activities. 

G. Bertram Recar, Chairman. 


Committee on Motor Vehicle Lighting. 


The Committee on Motor Vehicle Lighting feeling that the 
matter of Specifications for Laboratory Tests of Headlighting Appli- 
ances has reached a stage where for the time being no further 
revisions are called for, proposes during the coming year to devote 
itself chiefly to a consideration of methods whereby the character 
of headlighting which is contemplated in the testing specifications 
may be generally attained on the road. The Committee recognizes 
that the use of approved equipment on headlights does not in any 
way insure proper road illumination and the absence of glare. It 
believes that while in proportion to the number of cars, lighting 
conditions on the road have been greatly improved, yet they are 
still far from being satisfactory, and wishes to bend its efforts 
chiefly toward assisting to the best of its ability in improving these 
road conditions. A number of propositions are before it for consid- 
eration with respect to education of the public and to a more 
thorough and intelligent enforcement of the laws. Just what 
success the Committee will have in these endeavors is of course 
problematical. 

While turning its chief endeavors in the above direction, the 
Committee does not intend to fail to give attention to any points 
in which its previous work can be improved, and will welcome 
suggestions toward this end as well as toward the perhaps broader 
problem of improved road conditions. 

Cayton H. SuHarp, Chairman. 


Committee on Nomenclature and Standards 


The principal duty of the Committee on Nomenclature and 
Standards during the year will be to complete the revision of the 
booklet on Illuminating Engineering Nomenclature and Photo- 
metric Standards so that the revised edition can be adopted as 
American standard practice. It will then be presented for con- 
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sideration at the 1924 meeting of the International Commission on 
Illumination in the hope that further progress may be made in 
securing international agreement on names and definitions. 

The Society has had success in combining the efforts of men 
whose activities lie along widely divergent lines, such as profession- 
al practice, technical and scientific research, manufacture, sales, 
and engineering of the most practical sort. Successful cooperation 
of such groups is to some extent dependent upon a common techni- 
cal language which facilitates the interchange of ideas. The work 
of this committee is directed primarily toward the development of 
such a common language so that we may all understand each other. 

Proposed changes in the former standards have been set forth 
in the Committee’s Reports for 1922 and 1923, and the Committee 
would like to have comments or suggestions from all classes of 
members before final action is taken on the changes. 

Some Sections and Chapters have found it worth while to 
have talks on the elementary principles of illumination, including 
methods of design, calculation, and measurement. Discussion of 
these subjects is likely to bring out points in which the standard 
nomenclature appears to be lacking in clearness or precision, and 
if so the Committee will be glad to hear about them. If the defini- 
tions are not clear or the terms not usable, now is the time to im- 
prove them. Positive and constructive proposals are of course 
most helpful, but criticism of weak points will be welcome, and the 
Committee will do its best to remedy deficiencies which may be 
pointed out. 

E. C. CRITTENDEN, Chairman. 


Committee on Progress 

It is the intention of the Committee to continue the practice 
of previous years in preparing periodically for inclusion in the 
TRANSACTIONS of the Society an Illumination Index, covering 
allarticles on the subject to be found in periodicals available to 
the Committee. 

The usual procedure will be followed in preparing the annual 
report of the Committee, which at the last Convention was known 
as the ‘‘Year’s Progress in Illumination’’, the material for which is 
obtained from articles published in the technical and scientific press 
and from engineers in charge of street lighting of various large 
cities. 
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It is the intention to include in next year’s report among the 
references under the appropriate headings the various subjects 
which have appeared in the Transactions or have been presented 
before the Society. It is hoped in this way to make the report a 
still more complete record of activities in illuminating engineering. 

Francis KE. Capy, Chairman 


Committee on Research 


The recent Convention Report of this Committee looks forward 
as well as backward, and there is nothing which I could say by way 
of program of work for the coming year that would be different 
from the work outlined in that Report. 

Ernest F. Nicuois, Chairman 


Committee to Cooperate with Fixture Manufacturers 


In 1922 a tentative Code of Luminaire Design was prepared by 
this Committee and published. It was submitted to many fixture 
manufacturers, designers, illuminating engineers, etc. Very little 
criticism has been received but from these a few minor changes 
are In contemplation. 


It is the aim to add two more sections to this Code, one dealing 
with artistic fixtures, which embody proper lighting principles for 
various purposes, and the other, a section on the influence of 
installation on fixture design. 


The Chairman and Secretary of this Committee have work 
under way in regard to the first of the proposed sections. When 
the work is done on both sections, it is the plan to incorporate it 
into the Code of Luminaire Design and to publish this complete 
for final distribution. 


During past years members of this Committee have been 
individually active in spreading the gospel of proper fixtures and 
proper lighting principles among fixture designers, fixture manu- 
facturers, fixture dealers, and glassware manufacturers. The 
Committee members collectively and individually have attended 
meetings of these various organizations including the Illuminating 
Glassware Guild. They have given lectures and have aided in 
various demonstrations. 
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It is the plan to continue such activity. The Committee has 
been an effective means of contact with fixture manufacturers and 
the Illuminating Glassware Guild as well as others. The work that 
it is trying to do is very important but there are many difficulties 
in the way. Fortunately, these difficulties are becoming less 
formidable each year. 

M. Lucxirsn, Chairman 


Committee on Sky Brightness 


The program for the year 1923-24 contemplates the inaugura- 
tion of qualitative measurements of daylight, perhaps with the 
Rotatory Dispersion Colorimetric Photometer designed by Mr. I. 
G. Priest of the Committee. 


The Committee also hopes to avail itself of daylight intensity 
records that the U. 8. Public Health Service expects to obtain from 
photo-electric cells it has purchased for installation in Washington. 
These should give more detailed information respecting the extreme 
variations of daylight intensity with weather conditions than can 
be obtained from eye readings of a photometer. 


There is also a probability that measurements of sky bright- 
ness may be made during balloon and airplane flights, and cor- 
related with determinations of the dust content of the atmosphere. 


Data are available for extending the charts published in the 
May 1923 number of the TRANSACTIONS, giving the intensity of 
daylight on horizontal and on vertical surfaces in the United States 
east of the Mississippi River at Latitude 42° North, under both 
clear and cloudy sky conditions, to other latitudes and regions in 
the United States. This will not be undertaken, however, unless 
the demand seems to justify the considerable labor involved. 


The Committee would be glad to receive suggestions as to ways 
in which it may serve the interests of members of the Society. 


H. H. Kimpatu, Chairman 


REFLECTIONS 


Stimulating Plants and Animals 


XPERIMENTSat Columbia University show that plant growth 

— proceeds successfully under electric light. Flowers and vege- 

tables subjected to several hours of artificial illumination outgrew 
those of the same planting which received only daylight. 


Many professional poultry raisers use electric light night and 
morning to increase the egg production of their hens. The New 
Jersey experiment station at New Brunswick reported last month 
that hens stimulated by artificial light which kept them awake after 
sundown and caused their morning to begin before sunrise in 
winter laid at least ten eggs more a season that their sisters whose 
quarters lacked modern improvements. Most poultrymen who use 
artificial light in their henhouses think that the margin is larger 
and that keeping their hens awake pays good profits. 


Scientists may see in this proof of the stimulating power of 
light, but the practical poultryman has a simpler explanation. 
Chickens have hearty appetites and are everlastingly scratching 
around for food. They go to sleep early in winter simply because 
they cannot hunt food in the dark. In the morning they are more 
hungry than sleepy, and the first crack of dawn finds them ready 
for breakfast. Hence, say the practical poultrymen who disregard 
science, hens that put in a long day at work in winter are better 
nourished and consequently lay more eggs that those working 
from sun to sun on short days. 


In primitive days man slept from sun to sun because darkness 
kept him from doing anything else. Now eight hours is the stand- 
_ard sleeping night as well as the standard working day. But such 
an eminent scientist as Edison thinks that sleep is a good deal 
of a habit and greatly overdone. 


Perhaps a common explanation of all these diverse phenomena 
may be found in the philosopher’s saying that labor is the price of 
life. The tree labors in growth, the fowl labors in search of food, 
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the scientist in search of facts. Each advance of knowledge 
narrows the gulf that separates the animal from the vegetable. 
The bean vine follows the sun round the bean pole as inevitably as 
the moth follows the candle round a room. Similarly light seems 
to stimulate the physical and chemical processes of the tree or 
plant. Plants, like man, work better in light than in darkness. 
Their roots reach out for more nourishment, their cells function 
more rapidly. Sleep, as the physiologists long ago noted, is a 
slowing down process. Artificial light keeps these Columbia plants 
awake and working. 

But labor is not the whole of life. These experiments on light 
and growth will not be completed until attempts have been made 
to perpetuate the species through specimens that have been sub- 
jected to artificial light. Florists may get splendid specimens by 
this method; but the plants may be weakened in vitality in spite 
of their size and showiness. 

With regard to human beings it has been suggested that physical 
recuperation is the least of sleep’s benefits. Some psychologists 
hold that undue loss of sleep tends to bring on mental and nervous 
ailments, because the subconscious mind, which works while we 
sleep, has lacked time enough to sort, check up, erase or accept the 
impressions and rationalizations stored up by day. It is entirely 
possible that in plants, beasts and human beings alike too little 
sleep may seriously weaken the individual in ways not at once ap- 
parent. Whether it does so in the case of plants no doubt will 
soon be determined.— Editorial, New York Herald, Oct. 29, 1923. 


PAPERS 


ADDRESS OF THE PRESIDENT* 





By Warp HARRISON 





For the subject of this address I would refer you to a much 
quoted passage from the Constitution of the Society, a clause 
which is reprinted on the face of every issue of our Transactions; 
namely, ““That the object of this Society shall be the advancement 
of the theory and practice of illuminating engineering and the 
dissemination of knowledge relating thereto’. Even in the year 
of the Society’s formation it was recognized that there were two 
distinct tasks before it; first, the reaching out after new facts and 
new principles in illuminating engineering; and second, the dissem- 
ination of these and older truths to the industry and to the public. 

At the present time, in fact, at least once every year, it seems 
fitting that we should ask ourselves two questions: first, what at 
present is our greatest need, technically, in the practice of our 
profession; and second, wherein lies our greatest opportunity for 
the dissemination of illuminating engineering information to the 
public. No doubt, if a poll were taken there would be almost as 
many answers to these questions as there are members of the 
Society, but taking advantage of the opportunity which has been 
afforded me I will attempt to state what my own answers would be. 


PART I 

In my opinion our greatest technical need today is for a better 
working knowledge of brightness and glare, from both a quantita- 
tive and a qualitative standpoint. As the result of the general 
adoption during the past ten years of such expressions as ‘‘foot- 
candle’, “lumen’’, and ‘‘coefficient of utilization’’, it is safe to say 
that there are now several thousand persons in the United States 
who have a very definite conception of the relation existing be- 
tween the flux generated by a light source and the resultant foot- 


*An Address presented before the Annual Convention of the Illuminating Engineering 
Society, Lake George, N. Y., September 24-28, 1923. 
The Illuminating Engineering Society is not responsible for the statements or opinions 
advanced by contributors. 
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candles of illumination in a room. -In other words, we think in 
lumens fairly well. But, how many are there who can say the 
same thing when the subject is that of brightness, the progeny of 
lumens and the factor with which finally we are all most vitally 
concerned; concerned with it on the working plane because there 
it is the thing which enables us to see; concerned with it in the 
case of the light sources for there it is the thing which in excess 
may readily defeat vision and even impair eyesight. 


How little thought is really given to questions of brightness by 
practicing engineers is well exemplified by the general prescription 
of ‘“‘about twice as much light for work on dark textiles as for work 
on light fabrics”, whereas actual brightness measurements would 
indicate that 1o or 15 to 1 as nearer the proper ratio. Again, how 
many of us, if asked to criticize a lighting specification for any 
given interior can feel certain as to whether the luminaires are 
going to prove comfortable or glaring, unless, of course, we have 
had experience with an almost exactly similar installation before. 
Right at the present time we seem further than ever from any 
simple mathematical formula by which such questions can be 
answered. 

It is fortunate that all of our more precise instruments for 
measuring illumination may be calibrated to read brightness as 
well, and this circumstance should be of substantial assistance in 
increasing our store of ‘‘installation data” on the subject. At the 
same time it would also prove very helpful if an instrument com- 
parable in simplicity and cost to the foot-candle meter, or possibly 
a modification of this instrument itself, were developed with 
which brightness could be read directly with accuracy sufficient 
for practical purposes. 

Strange as it may seem, glare is a subject to which but little 
attention has been given by those of our members who are primarily 
interested in scientific research. For example, there is at present 
apparently no data available from this group to answer even such 
a simple question as the following:—Which is the preferable of two 
light sources, (a) which has a uniform brightness throughout, and 
(b) which has a low brightness at the periphery, increasing to a 
higher value near the center, assuming that the candlepower of the 
units and their average brightness is the same in both cases? 
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Now your President lays no claim to originality in offering the 
suggestion that questions of brightness are entitled to greater 
consideration than is usually accorded them. This subject has 
been brought up for discussion on numerous occasions by members 
of this Society but unfortunately we have always stopped there; 
we have made little or no progress. We are prone to look at the 
whole subject as exceedingly complex, particularly so in contrast 
with the more usual calculations involving lumens and foot-candles, 
May it not be that in the face of a really serious effort this difficulty 
would prove to be only a fancied one arising simply from ignorance 
on our part? 


One of the greatest helps in the solution of any problem is an 
exchange of thought between individuals and an exchange of 
thought presupposes a language—a nomenclature. I believe that 
our progress in the present matter is considerably impeded by the 
lack of a simple term in which to express brightness, one which will 
apply equally well to luminaires and to surfaces illuminated, and 
finally, one which will be quite readily comprehended by the man 
on the street; one encounters real difficulty 1 in trying to explain 
millilambert 3 him. 


It is generally accepted that whenever new fundamental units 
are established involving distance, weight or time, the C. G. S. 
System should be followed, and with this in view our Committee 
on Nomenclature and Standards supplied us some years ago with 
our fundamental definitions. Of these the lumen and the candle 
might be termed truly international units, for in their practical 
application at least, they involve neither a unit of length nor of 
weight; the C. G. 8. unit of brightness then established was the 
lambert and likewise the lux, or meter-candle, was defined as our 
fundamental unit of illumination intensity. In practice, however, 
most Americans think in feet and inches and the only generally 
used unit of illumination intensity in this country today is the 
“‘Foot-Candle’”’. What we need also for general use in this country 
is a unit of brightness based upon our accepted unit of intensity, 
the ‘‘Candle’”’, and our common unit of length, the ‘‘Foot’”. A 
logical unit would be the brightness of a spherical source of one 
foot radius having a uniform intensity of 1 candle in all directions; 
or if you prefer, the brightness of a perfectly translucent sphere of 
one foot radius surrounding a source of 1 candle. Such a unit 
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renders the computation of brightness values for many units a 
comparatively easy matter. For example, a spherical diffusing 
globe 8” in diameter having an output of 80 per cent would, when 
equipped with a lamp of 150 spherical candlepower, have a mean 
brightness of 1080 units computed as follows: 
ISOX 24°X0.8 

82 

This unit would also have the very practical advantage that it 
would represent the mean brightness of a surface of roo per cent 
reflection factor when illuminated to an intensity of one foot-can- 
dle; that is, one lumen per square foot. 


= 1080 


There is still one thing more to be said in favor of a unit of 
brightness of the dimensions stated above; namely, that it is of 
about the right size for practical use. With it the brightness of 
_ working surfaces, at least in interior lighting, will usually be found 
in the range of from o.1 to 10, numbers that are easy to comprehend 
and when we speak of the brightness of light sources we will 
usually find ourselves up in the hundreds or thousands, figures 
which are far more certain to cause the layman to pause and con- 
sider, than would the same brightness expressed as a decimal 
fraction. 


In the opinion of the writer there is much in the choice of the 
size of a unit, there is also much in the choice of the name. In the 
term ‘“‘foot-candle’’ the precedent has been established of prefixing 
our non-metric units involving length with the term “foot’’ which 
at once shows to what system it belongs. The same plan followed 
in the case of the unit of brightness would forever eliminate any 
possibility of it being confused with lambert. If the term ‘foot’ 
could be coupled, not with some abstract term, but rather with a 
short Anglo-Saxon word which conveyed to the listener some 
inkling of the meaning of the whole word, the resulting combina- 
tion should prove most desirable. An expression which seems to 
come very near to fulfilling these requirements is ‘‘foot-bright’’, 
and it is my wish to submit this term for the consideration of the 
Committee on Nomenclature and Standards. 

In weighing the relative advantages and disadvantages of this 
and other terms the fact must not be lost sight of that we are an 
Illuminating Engineering Society, not a Society of Illuminating 
Engineers; that to be of value our findings must be capable of 
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dissemination; that success in influencing the design of any con- 
siderable proportion of the lighting installations in this country 
depends upon making our technique seem extremely simple, not 
upon making it complex. My strongest recommendation for 
“foot-bright”’ is that it sounds almost common-place. 


PART II 

The second division of this address has reference to our obliga- 
tion and our opportunity for the dissemination of knowledge of the 
theory and practice of illuminating engineering and how we may 
best go about this task. Since our last convention the number of 
chapters of this Society has increased from three to seven; in 
other words, the number of cities in which local branches are 
established is now eleven. Do not these facts suggest an answer 
to our problem? Is it not true that the most effective work that 
can be undertaken by the present local branches and by additional 
ones as they are organized, is to concentrate upon the dissemination 
of lighting information? 

Plans for monthly meetings and for lectures should be arranged 
with a view to interesting successively engineers, architects, — 
fixture manufacturers, and similar groups. The co-operation of 
city and suburban school authorities we should seek perhaps, 
most of all, for through them can be secured, not only lighting in 
the schools which will cease to be a menace to the eyesight of our 
own and our neighbors’ children, but also instruction in the prin- 
ciples of lighting, which will better fit those of the next generation 
to know good lighting for themselves. It may be recalled I spoke 
briefly on this phase of the subject at the last convention. This 
week we have for your consideration the draft of a chapter on 
lighting which has been prepared at the request of the Council as a 
suggestion to writers of text books on High School physics and 
also as a guide to instructors on this subject. The monograph will 
be open for discussion at the Friday meeting, and the thoughtful 
criticism of the membership of this Society is sincerely requested. 
When this pamphlet is printed in final form, it will become the 
very fitting task of our sections and chapters to secure its general 
adoption in their individual territories. 

One may say that there is nothing new in these proposals for 
section and chapter activity; that some of our branches have for 
years arranged joint meetings and programs which would interest 
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those outside of their own membership. This is true, but for the 
Society as a whole, the effort has not been organized. One section 
has not had the benefit of the experience of others, and never has a 
complete program for the year’s work been outlined for them by 
this Society. Likewise, they have never been asked to show the 
tangible results of a year’s effort along such lines. To those who 
are fortunate enough to be able to attend our annual conventions 
these four-day periods represent perhaps the high point of the 
Society’s achievement; in any event, it is a most enjoyable one. 
But we must not lose sight of the fact that the real strength of this 
Society lies in its sections and chapters, and that is why I believe 
that our greatest potentiality for progress lies in the plans which 
will be developed in the Section and Chapter Conference which is 
scheduled for Friday morning next. On behalf of the Council I 
bespeak your attendance at this Conference and your support. 
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REPORT OF COMMITTEE ON PRESIDENTIAL 
~ADDRESS 





Your Committee on Presidential Address feels that President 
Harrison has rounded out a very successful administration with an 
address which constitutes a valuable contribution to the art. He 
points out the necessity of further elucidation of the subject of 
brightness and glare. With reference to brightness, he indicates 
the need for the adoption of some simple and comprehensible unit 
and terminology and makes a definite suggestion to this end. 

Your Committee is in hearty sympathy with the President’s 
view and without assuming to pass on the merit of his specific sug- 
gestions recommends that the Society’s Committee, within whose 
scope this question lies, give early and serious consideration to the 
problem to which the President has so pertinently directed our 
attention. 

P. S. Miuuar 
G. H. SticKNEY 
L. B. Marks, Chairman 


The report was unanimously accepted by the convention. 


HOW CAN THET. E. 8. BE MADE MORE TRULY 
A NATIONAL BODY* 


BY D. McFARLAN MOORE** 


About 74 per cent of the membership of the [Illuminating 
Engineering Society resides east of Chicago. There are nine 
States that have no members at all and twenty-seven States that 
have less than one dozen members and yet there are in the United 
States millions of people interested in, or associated in a business 
way with light. Various membership committees have carefully 
studied methods which would seem to follow the path of least 
resistance towards the goal of a very great increase in the total 
membership and also have it well distributed. However, the gain 
altho steady, has not been rapid. The deterrents to joining our 
Society are of many varieties but finance is always important. 
Council has approved of the formation of Chapters on such liberal 
terms that it seems to the Committee on New Sections and Chapters 
that the formation of New Chapters should be of much value to 
the National Society. It permits of our interesting an unlimited 
number of people in the objects of the Society, yet at a nominal 
expense to them. Meetings of Chapters not only develop interest 
in the minds of many who will later become full members of the 
National Society but also greatly stimulate the enthusiasm of those 
who are already members. 

A number of New Chapters have recently been formed and 
seem to be well worth while and it is hoped that more assistance 
will be given towards the formation of such Chapters so that it can 
be said that each State in the union has at least one Chapter of the 
Illuminating Engineering Society. To assist those who are inclined 
to be helpful in this important matter the following information 
will prove of great assistance— 


*A Paper presented before the Annual Convention of the Illuminating Engineering 
Society, Lake George, N. Y., September 24-28, 1923. 


_**Chairman, Committee on New Sections and Chapters, I.E.S. 


The Illuminating Engineering Society is not responsible for the statements or opinions 
advanced by contributors. 
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If there are a large number of industries in a specific vicinity, 
that are either directly or indirectly interested in illuminating 
engineering, the formation of a local Chapter will be more easily 
accomplished, and also more good will result from its formation. 
The most essential requirement and the one most difficult of fulfill- 
ment is that ten regular members of the Illuminating Engineering 
Society, (they can be either full members or associate members) 
must file a petition approximately as follows— 


‘‘We the undersigned herewith petition the 
Council of the Illuminating Engineering 
Society to authorize the formation of a 
local Chapter of the Society in 
to cover the vicinity of 


And send it to the Chairman of the Committee on New Sections and 
Chapters who in turn will endeavor to obtain the formal approval 
of Council and then inform the petitioners that all is ready for the 
organization meeting. The General Office in New York is request- 
ed to make a list of all the names of the members of the Society 
living in the vicinity where it is proposed to form a New Chapter. 
If less than ten are thus obtainable an effort should be made to 
interest a sufficient number of new members so that the petition 
will be in proper form for presentation to Council. Those interest- 
ed in obtaining new members are reminded that the annual dues 
for full members are $15.00 and for associate members $7.50 and 
that an initiation fee of $2.50 is required for either full members or 
associate members. A proposed constitution for a new Chapter is 
also immediately forwarded to those interested but a statement is 
made that the Chapter dues can be of any amount those locally 
interested desire; one dollar for example. Therefore, members 
of such a Chapter only, can claim association with the Illuminating 
Engineering Society, yet as indicated pay only a very small amount 
per year. However, they will not receive copies of the Society 
TRANSACTIONS or be eligible to its offices, etc. Such members of a 
Chapter often later become full members of the National organiza- 
tion. Our Society has now approved of seven Chapters as follows: 
Toronto, Cleveland, San Francisco Bay Cities, Columbus, 
Northern New Jersey, Michigan and Los Angeles and _ their 
increase during the last year together with the lively character 
of their meetings indicate that a definite effort should be made 


ted 
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to very greatly increase this line of activity as already 
indicated. The unoccupied fields are so enormous that it is fitting 
to say that a start has only been made. Many of the definite 
localities where there seems to be no good reason why a Chapter 
should not be formed should be selected and an earnest effort made 
in every instance to promptly bring a Chapter into being and 
thereby not only greatly benefit our National Organization but 
also fulfill the primary object of our organization, viz., to further 
the interests of better lighting. 


SECTION DEVELOPMENT CONFERENCE* 


CHAIRMAN CLARENCE L. Law: As you know, the object of the 
meeting this morning is to have an informal discussion on Section 
and Chapter development. We want to see what we can do to aid 
Sections, Chapters and Local Representatives throughout the 
country, in order to promote the work of the Society. 

If there are any Section or Chapter Chairmen or Secretaries 
here will they please stand up and announce their names and 
Sections, so that we may all know each other? 

The following Section and Chapter officers and Local Repre- 
sentatives were present: 

W. V. Batson, Chairman, New England Section. 

Julius Daniels, Secretary, New England Section. 

W.S. Fitch, Board of Managers, New England Section. 

L. J. Lewinson, Chairman-elect, New York Section. 

S. K. Barrett, Chairman Papers Committee, New York Section. 

C. L. Dows, Chairman, Cleveland Chapter. 

J. M. Ketch, Chairman, Michigan Chapter. 

W. H. Woods, Toronto Chapter. 

George C. Cousins, Toronto Chapter. 

Ellsworth Francisco, Northern New Jersey Chapter. 

Charles Gallo, Northern New Jersey Chapter. 

E. C. Crittenden, Local Representative, Washington, D. C. 

F. L.- Loomis, Pittsburgh, Pa. Be 

J. D. Lee, Trenton, N. J. 


CuaIRMAN Law: We have not set a program this morning and 
I thought we could make the discussions very informal, therefore, 
T have not any definite plan with regard to this meeting. I would 
like to call on President Harrison to open the Conference. 

PRESIDENT Harrison: It seems to me that if we were to 
analyze this Society; thinking of it as divided into component 
parts, and were to try to rate the various parts, we would probably 


*Held at Lake George, N. Y., during the Annual Convention of the Illuminating 
Engineering Society, September 28, 1923. 
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first think of our Conventions and on a scale of one hundred,— 
rate them very high. The enthusiasm is good, the attendance is 
good, papers are good, and we accomplish, I believe, a very consid- 
erable amount; that is judging from the opinions of many people 
with whom I talk. 

Next we would probably consider the plan of operation; the 
Constitution, the arrangement of executive authority, etc., as well 
thought out. In other words, the business of the Society runs 
smoothly, and we would, therefore, give the plan of operation a high 
rating. 

Likewise, I think you would give a high rating to the work of the 
General Committees; Committees like those on Lighting Legisla- 
tion, Motor Vehicle Lighting, Nomenclature and Standards, and 
the other general committees. 

In the minds of the majority of the members all of these things 
would probably be found to rate higher than most of the Section 
Activities. In fact, that is why the suggestion was made that this 
conference be called to exchange ideas among the Section Officers. 
What one has found to be successful in his locality the others can 
try with the result that it should be easier to plan a successful 
year’s program. I hope some steps will be taken along that line 
today. Perhaps we can make an outline of an entire series of meet- 
ings to offer to a Section, or Chapter, and they can accept as much 
of it as they wish. 

Another point that I believe we ought all to get our minds to- 
gether on is that if we want this Society to grow, and to cover a 
wider territory, we must put it on a broader basis—and such basis, 
it seems to me, is the Section and the Chapter. It has been grati- 
fying, indeed, to see the way new Chapters have sprung up during 
the past year. Now that we have these Chapters we should give 
them something very definite to do. 


CHAIRMAN Law: Thank you Mr. Harrison. Mr. Moore is 
Chairman of our Committee on New Sections and Chapters. 
Will you give us about five minutes on your work of last year, 
Mr. Moore? 

D. McFartan Moore: I don’t know whether talking about 
the work of last year will be the thing of most interest. Our new 
President who has made a success of his administration already 
seems to be impressed with the importance of the development of 
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Chapters, largely, then trusts that the Sections will follow the 
Chapters. 

For several years, I-was Chairman of the Membership Com- 
mittee, and it must be now three or four years ago that I began 
to realize, as Chairman of the Membership Committee, the utter 
lack of geographic area that was covered by the Society as it 
then existed. | 


The members of the Council know that I started in three or 
four years ago sort of ripping things up the back, as regards the 
claim that we were a National Society, when it isn’t far from the 
truth to say we are about one-quarter of what we ought to be, 
and what I want to do is to see us rise to the point of four-quarters. 
That is, we only represent about a quarter of the country in away 
that indicates that it is perfectly reasonable for us to be four times 
larger and do four times as much good. That is what I want to 
get at. Let us avoid this thing of traveling upward perhaps under 
false colors, or something of that kind. 


When we investigated the ways in which this could be done, 
it looked as though the chief resistance was in the line of Chapters 
and because of my making some remarks of that kind, the job was 
thrown on me and we went ahead and organized some new Chapters. 


The problem can be stated very specifically. Any man here 
from a managerial standpoint would say, if he was laying out a 
new business, ‘“‘why that is an easy thing to do. All you need to 
do is just pick out the portions of the country where there ought 
to be a Chapter, where there are so many thousands of people who 
are interested in lighting, and yet don’t know that the Illuminating 
Engineering Society exists.’’ It’s a fact, I think, as I pointed out 
the other day, there are a few states that haven’t got a 
member—and there are 36 states that have less than a dozen 
members. 


Now let us go out and pick out these areas and plant seed of 
the very best variety, not taking men merely because the general 
managers of big corporations say to a dozen men “Here, join this 
Society”. That is mushroom growth. We don’t want that. We 
want men who are deeply interested in the subject of lighting and 
will stick. Such men will gradually drift into our conventions, 
and there are many men here who are just going away from this 


SECTION DEVELOPMENT CONFERENCE 735 


convention inspired with a new feeling, and they will hereafter 
work for the good of the cause. 


Mr. Moore presented his paper at this point. See page 7209. 


DISCUSSION 


SECRETARY 8. G. Hippen: Mr. President, it might be well 
to have a thorough understanding of the foundation of this dis- 
cussion, because some of us are not acquainted with the Section 
and Chapter divisions. 

You saw the map with the colored lamps indicating the posi- 
tions of these Sections, Chapters and Local Representatives, and in 
order that you may refresh your minds on the subject I will read 
some statistics. Of the four Sections we have a membership as 
follows: 


Newirorke. Wiis ua e436 
Pnibidelp nia. Mies vos 216 
CHICA OO aol a til nas aati 164 


New England Section... .143 


In the Chapters formed this past year and including the others 
previously existing—in other words, in the seven Chapters we now 
have—we have a Cleveland membership of 74; Northern New 
Jersey, 103; Columbus, 25; Los Angeles, 20; Michigan, which is 
the Detroit Chapter, 34; San Francisco, 40; Toronto, 31. That 
is the registered membership, but does not represent the persons 
reached by the chapters. 

It is rather interesting to notice the Northern New Jersey 
Chapter with a membership of 103, and the Chicago and New 
England Sections with memberships of around about 150. It is 
quite possible some of these Chapters may outstrip the Sections so 
far as actual numbers of members are concerned. 

CHAIRMAN Law: I think we may as well throw this open for 
further discussion. Before I do this, I want to offer what I think 
is a splendid suggestion; it was made by Mr. Millar. He suggested 
that if any of you have pictures or snapshots that you have taken 
of members of your different Sections around at this Convention, 
that you send them into Headquarters. Then we will ask the 
Committee on Editing and Publication whether they won’t consider 
devoting a page or two in the TRANSaAcTIoNS to these pictures. So 
if any of you have any such pictures, please send them into Mr. 
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Hibben, at Headquarters, and I am sure the Chairman of the Com- 
mitttee on Editing and Publication will do his best to get them in. 

This meeting is now thrown open for general discussion. I 
should like to hear particularly from some Chapter Chairmen as to 
the experiences they have had with the development of their 
Chapters and how it is going along. 

G. G. Cousins: Mr. Chairman, relative to Mr. Hibben’s 
remarks on the membership of the Chapters, there is a condition 
that exists in our Toronto Chapter that possibly exists in some 
others. I believe Mr. Hibben’s tabulation refers to Society mem- 
bers in the Chapters. 

SECRETARY Hissen: Yes, not to others that are strictly 
Chapter members. 

G. G. Cousins: That is the point I wish to ask about. We 
have a number of Chapter members whom we classify as ‘“‘affili- 
ates” and we are going to recruit our membership from those. 

We are entering now on the third year of our Toronto Chapter, 
and we have learned a lot since we started. In discussing our field 
for the development of the Chapters, we ought to get a lot of men 
who are very intimately connected with illumination and know 
practically nothing about illuminating equipment or lighting 
principles. Those men are very largely in the fixture business, and 
contractors. There are a number of contractors who are progressive 
and study lighting principles. 

Our plan was to make the meetings such that those men could 
get some of the fundamental principles so that they could talk 
more intelligently when they were speaking of the various materials 
that they are dealing in. We found that apparently they didn’t 
want to know. It was very hard to get them interested. } 


We had a very good year, our first year, I think. The second — 
year was practically as good but we found it harder work to keep 
up interest. Now we have come to the point where we have been 
talking over means of getting out along more definite lines and 
there are two schools of thought amongst those who are very much 
concerned init. It has been argued on one hand that if we charged 
five dollars a year for Chapter membership, our present rate is 
three dollars exclusive of Society fees, those who paid the money 
would feel they had to get something out of it and would come. 
On the other hand, there are several of us who think that a number 
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who might be interested to the extent of paying two or three 
dollars, would simply balk at five dollars a year. With the type 
of subjects we have been handling, we have found it rather difficult 
to gauge the type of meeting and the papers presented. A good 
many think of ‘Engineering Society” as some highbrow stuff and 
balk at. it from the start. 


We want to go ahead. We don’t want to stand still. There is 
a big field for it. It takes a little tact and some knowledge and 
experience, I believe, to develop that field, and we would appreciate 
any suggestion that you can give us. 


Wiitt1aM H. Woops: Mr. Chairman and Gentlemen. Mr. 
Cousins has practically stated the conditions existing in Toronto 
in connection with the Toronto Chapter. We are however, not 
discouraged by any means with the little difficulties encountered 
in increasing our membership. 


Having been Secretary under Mr. Cousins in the organizations 
of the Toronto Chapter, I have gotten the essential experience in 
following up prospects for our Chapter. I find that the only way 
to get members for the chapter is to get out and do personal work 
amongst the contractors and manufacturing interests, and at the 
same time try and keep out what we might call deadwood from the 
chapter. Our policy is to get those vitally interested in our society 
and present to them simple papers from which good information 
may be obtained. 


I think too, that a good strong point in our chapter meetings is 
when we have speakers from the large companies over here. We 
have had some very excellent addresses from Mr. Ward Harrison, 
Mr. Samuel G. Hibben, Mr. Davis Tuck and Mr. A. J. Sweet, and 
we are indebted to these gentlemen for the benefit our chapter has 
derived from their visits. It seems to have consolidated it and 
shown the membership at large, that there is something really of 
an international spirit in our Society, and that the chapter has a 
lot of good information in store for them. 


This year our program will be even better than we have pre- 
sented in the past. We propose going out to our large manufactur- 
ing centres and get them to subscribe to our fund, in order that we 
will be financially sound, I think in that way the committee will 
not have to worry then, about the necessary expenses involved 
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in promoting the objects of our organization, and eliminate the 
undesirable necessity of asking our membership for a subscription, 
besides our set fees. 

Our object this year is to increase the membership of Toronto 
Chapter to between fifty and sixty members, there are prospects of 
this additional increase to our roll already lined up by our present 
secretary, Mr. J. Scott of the Sunbeam Lamp Co. I am sure that 
when we get working, we will find a good many more prospects 
about Toronto. 

I expect also that Mr. Kintner of the Westinghouse Lamp Co. 
at Hamilton, who is a member of the Society, with Mr. Stuart, 
also of the same Company, would like to form a Chapter in Hamil- 
ton. Of course they have not the membership in Hamilton to 
constitutionally form a Chapter at present. These Gentlemen are 
at present members of the Toronto Chapter, and when the time is 
opportune, the Toronto Chapter will assist in the organization of a 
Hamilton Chapter, as that city presents a good field to work in. 

G. G. Cousins: May I say just one more word, please? 
Toronto is reputed to have one of the best Sections of the A. I. E. 
E. in America, and in comparing their situation with our own, I 
think the answer lies in the fact that a larger percentage of the A. 
I. E. E. men are technical school and college men. There are 
comparatively few men who are educated technically in illumina- 
tion, in the same way that the electrical men are educated along 
the lines of the activity of the A. I. E. E. 


’ James M. Ketcu: I will have to admit that it was with some 
hesitation that we broached the plan of organizing a Chapter in 
Michigan, simply because several of the men had heard from other 
Chapters that, well, to put it bluntly, the class of stuff that was 
presented at the Chapters and Sections went over the heads of 
most of the people who came. And so, we have taken a rather 
different attitude to this thing. 


In order to diversify, we have selected directors from various 
interests. One man being from the University of Michigan, who 
maintains the research and the scientific end of that institution; 
one man from the local architectural society and one of the big 
architects who maintains our contact with the architects; one man 
from the central station who maintains that contact; a research 
man from Dodge Brothers Corporation who is interested in head- 
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lighting and in headlighting legislation, and also in factory illumin- 
ation; one man from the National X-Ray Reflector Company who 
maintains the interest of the sales end of the game; and one man 
representing fixture and equipment manufacturers. 


We have also been fortunate in the past in having a number of 
these same men belonging to the local Electrical League which they 
call the Electrical Extension Bureau there, and it is proposed now 
that in the large technical high school there, they put up a lighting 
demonstration, which combines the industrial and commercial. 
It seems now as though this will go across, that there will be put on 
for the benefit of the technical high school students, a course by the 
members of the local Electrical Extension Bureau and the Chapter 
of the I. E. S. 

There will be a course put on probably for the local contractors 
association. One of the directors is also secretary of the local 
Electrical Contractors Association and he is very much interested 
that we link up the contractors and Illuminating Engineering 
Society to iron out some of these old stone age ideas held by some 
of the so-called contractors. 


I see one great difficulty and a thing that we are frankly worried 
about, and that is in getting the papers. I throw this out as a sug- 
gestion: That the national office of the Illuminating Engineering 
Society keep the secretaries of the Sections and Chapters somewhat 
informed as to what might beavailable. Hereisa bit of research work 
going on here, or a large job there; materials that form the subject 
of papers at the National Society might also well form the subject 
of papers for the local Chapters and Sections. It might be that 
the Chapter secretary would welcome once a month, or as they 
come in, a letter saying that ‘‘Here is so-and-so near you who I think 
would be glad to submit a paper on something that would be of 
direct local interest to your people.”’ 

It is rather hard I will have to admit for a secretary who knows 
very few people to start right out in a blank field and find papers 
that are of the calibre that the people who attend the Chapter and 
Section meetings will understand and something that will be also 
of news value. 

We have also adopted the plan of having one member of the 
local Chapter attend each of the important, or belong to each of the 
important associations in the city: the Detroit Engineering Society, 
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the local section of the American Institute of Electrical Engineers, , 
the S. A. E.; and there is a glorified Electricians’ Society. We are: 
represented in all those organizations to maintain the contact for 
the Chapter and try to bring about cooperative meetings or com-. 
bination meetings with these various Chapters. We also have an 
architect’s representative belong to our Society as one of our 
directors. 


We can’t speak from a whole lot of experience yet simply because 
we organized last spring, and we hope to have our first paper this 
month, which we are going to get, if possible, from our retiring 
President of the I. E. S., on something of a very fundamental and 
work-a-day kind, something that will start us off in the proper way. 


CHAIRMAN Law: Is there some one here who can speak for the 
Northern New Jersey chapter that has just been organized? 


CHARLES GALLO: I think you will find that the electricians, 
plant engineers, some school authorities, store managers, and 
people who are selling lighting equipment—all those people who 
have more or less to do with lighting—are all interested; and if 
you explain to them in a proper way, just what the Illuminating 
Engineering Society is trying to do, and how it can help them, I 
think those people will all join because there are no reasons why 
they shouldn’t. You can convince prospects by properly approach- 
ing them, and by constantly keeping at them, emphasizing the fact 
that the Illuminating Engineering Society can be of great benefit 
to them, and also that they can be of benefit to the Society, which 
is unquestionable. 


I believe that is about all, but I think Mr. Moore can give a 
few more details on the organization of the Northern New Jersey 
Chapter. 





Custer L. Dows: I am the outgoing Chairman of the Cleve- 
land Chapter but I am looking forward this coming year to some 
real work in Cleveland. We have as our new Chairman, Prof. H. 
B. Dates, Head of the Electrical Engineering Department, Case 
School of Applied Science. We have as Secretary, Mr. R. A. Fulton, 
from the Cleveland Illuminating Company, and we have as Chair- 
man of the Papers Committee, Mr. E. W. Commery, National 
Lamp Works. We hope to increase our membership this year and 
to diversify it. 
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The large proportion of our membership comes from the Nation- ~ 
al Lamp Works, where so many are interested in illumination in its 
various phases. Our problem is one of increasing and diversifying 
our membership to spread interest in the field of lighting and 
illumination. We might use profitably any service that brought to 
our attention suitable speakers and papers from outside our own 
immediate circle. 

During the past year, the Secretary of the A. I. E. E. at Head- 
quarters wrote to all the Secretaries of the Sections, asking for one 
or two of the most popular papers of the year. Each A. I. E. E. 
Section has eight or nine meetings through the season and as Secre- 
tary of the Cleveland Section, I had no difficulty in picking out two 
or three outstanding papers to send in to Headquarters. You may 
expect that a very fine collection of subjects was compiled in this 
way. A list of these subjects was turned over to the Chairman of 
the Papers Committee for the year 1923-24 for their consideration. 

At Mr. Harrison’s suggestion, we started a survey last year of 
those that might be interested in church lighting. One hundred 
questionnaires were sent out on which three questions were asked 
as follows: 

1. Would you personally plan to visit a special I. E. 8S. Meeting 
at Nela Park, Cleveland, on improving artificial lighting 
in churches? Yes No 

2. Do you believe a sufficient number would be interested in 
church lighting to make this Meeting a success? Yes 
No 

3. Please give below the names and addresses of men interested 
in church improvements. 














SUMMARY OF TWENTY-EIGHT RETURNS 


Question © Yes No Doubtful Total 
I 14 13 I 28 
2 13 12 4 28 
3 Fifty-three names and addresses obtained. 


The results of this questionnaire lead us to believe that there 
was enough interest in this subject to hold a Meeting. 

CHAIRMAN Law: Mr. Dows, to whom did you send the ques- 
tionnires? 

Mr. Dows: To pastors or their assistants of the larger churches 
in the city. 
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CHAIRMAN Law: Did you hold such a Meeting. 

Mr. Dows: No. This questionnaire was sent out late in the 
season but we expect to hold this Meeting next year. 

CHAIRMAN Law: May I ask what you charge for affiliates? 

Mr. Dows: We have none. 

CHAIRMAN Law: Who maintains the Chapter? Who takes 
care of the expenses? 

Mr. Dows: Mr. Commery might answer this question better 
than I, but my impression is that we have had no expense except for 
postage, for which we have been reimbursed by Headquarters. 

CHAIRMAN Law: By the Headquarters of the Society in New 
York? 

Mr. Dows: Yes. Our Meetings have been held either jointly 
with the A. I. E. E. or in the lecture room of the National Lamp 
Works, so we have had no rent to pay. Our only expense has been 
postage. 

CHAIRMAN Law: I am wondering whether it is not a good plan 
to establish some set amount for affiliates in Chapters. Of course the 
Chapter can prepare their by-laws and constitutions, elect their own 
officers, and really work independently of the Society. But in 
listening to this discussion, I find that one Chapter charges dues 
of $1.00, another $2.00, and I can readily see that some might charge 
$5.00. It seems to me that it would be a great idea to establish some 
set amount, although, of couse, the I. E. 8. Headquarters really 
has no jurisdiction over this amount. 


PRESIDENT Harrison: If you read the Constitution, and par- 
ticularly the section on Chapters, it will look to you as though the 
Society created the Chapters and then coldly turned them out to 
shift for themselves. It says they may arrange their financial 
affairs just as they see fit, so long as they do not obligate the Society 
in any way. 

To get down to facts, the Sections are supported entirely by the 
General Office; they ask for a budget at the beginning of the year 
and it is assigned to them; they send their bills in and they are 
paid. This means that relatively speaking the Society makes 
money out of any ‘associate or any member of the Society who 
- happens to reside in a chapter district, because they take his $7.50 
or $15 and instead of having to return $2.00 of it—which is the 
average section expense—they return nothing to the local organiza- 
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tion. Of course, the members gets the Transactions, but so do the 
other members. When it seemed evident that the expenses of the 
Society as a whole for the past year were going to be substantially 
less than its income, I told the chairmen of a number of chapters 
that while it was true the Society was not obligated to pay their 
bills, nevertheless the Society, I knew wanted to deal fairly with 
them, and if they sent in to the General Office bills not exceeding 
an average of $2.00 per member I had rather definite hopes that the 
Council would approve them; I believe the Council has approved 
them to date. Furthermore, as I recall the Toronto Chapter and 
the Cleveland Chapter, which were the first ones organized, have a 
stated appropriation on the books of the Society. I feel that every 
Chapter should have some appropriation. Of course, the Sections 
are tied down more closely than the Chapters. They have to hold 
meetings at stated intervals and do various things, whereas the 
chapters have more privileges and are more on their own respon- 
sibility. 

It seems to me that $5.00 is quite a sum to charge for member- 
ship in a chapter as long as an affiliate does not get the Transactions. 
As I recall, for many years the A. I. E. E. chapter dues were $1.00. 
It seems to me, too, that if a chapter takes in members at a dollar, 
these same people should not be solicited immediately by the 
General Membership Committee who would try to advance them 
to a $7.50 grade; the prospect may just drop the whole thing. 

G. Bertram Recar: Mr. Chairman: Speaking from the 
standpoint of the Membership Committee, the Society has elected 
289 members this year. That growth is larger than that of any 
other year with the possible exception of the first two years of the 
organization when it reached its peak. Then it grew up as a mush- 
room, many of those men coming in because of the desire of their 
companies for co-operation, and they have since dropped out. The 
slates are absolutely clean today and the report of the Secretary 

as to the membership shows the Society to be in a very healthy 
condition. 

The Society is for the dissemination of knowledge. I was very 
glad last night to hear that the lighting man was coming down the 
hill pretty fast and catching up with the scientist, but if we do not 
get that information out where it is usable, then the fellow still 
in back of the lighting man is not catching up with us but is losing 
ground. 
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N. D. Macponatp: Mr. Chairman: I want to say that this 
meeting has certainly been well worth while. Messrs. Ketch and 
Dows came here to tell us how badly the General Office was func- 
tioning in getting information to them and I stayed over especially 
to take a “‘fall’’ out of some of these section and chapter secretaries 
because they were not reporting anything to the General Office. 


I am talking from the point of view of the Society Transactions. 
The Committee on Editing and Publications a year ago tried to add 
to the TRANSACTIONS by putting in some new sections. We felt, 
considering the figures which Mr. Hibben has given you of 953 
persons connected with sections, 337 with chapters, and 181 people 
not directly connected with any body within the society, that 
it was time the society had some news-disseminating organ, 
and therefore, we have tried to put in the TRANSACTIONS such 
news of the society and of the industry as we could get. 


We find a good deal of trouble in getting out the TRANSACTIONS 
promptly to you because the machinery seems to need a little 
lubrication. The Section Secretaries are a little bit slow at times in 
sending in papers; authors do not get them back to us corrected 
just as promptly as they might, and on that account papers which 
might be available for your use promptly, are not published for a 
month or two. 


It seems to me that the TRANSACTIONS might be made of great 
use to you section and chapter men if you would only send us some 
information about what you are doing in your own chapters. After 
all, we are not able in the General Office to dig up any more original 
ideas than you are but if you will send us news of what you are 
doing and put it in such shape that the other secretaries can use it 
at later meetings you will have the problen settled. 


I just wish to say one other word on that: Won’t you please 
try to send us something that tells us what you really do? Do not 
write us that “At the Blank Section we held a meeting on such a 
date. A paper was presented by John Jones. 153 people were 
present. The paper was enjoyed by all.” 


Tell us something about what the man said and if there was a 
fight on the floor, tell us about it. That is interesting and it is 
news. 
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Send us some photographs from time to time. Mr. Millar’s 
suggestion is a very excellent one, and if you find items in the daily 
press from time to time commenting on your meetings or on any 
new installations, send them in. We shall be very glad to publish 
them. 

J. R. CotvitteE: Mr. Chairman: Mr. Harrison mentioned a 
few minutes ago that after a chapter is organized it is more or less 
left out on a limb as far as the parent organization is concerned. 
I should like to bring up for the consideration of the proper com- 
mittee the fact that additional instructions in the By-laws and 
Constitution of this organization would be of very material assist- 
ance to a chapter not only in organizing but in carrying on its 
work. I may be speaking beside the point because perhaps this 
has been taken care of in the past two years. I organized the 
Cleveland chapter two years ago and I know at the time, it almost 
took a lawyer to get out of the constitution the facts as to what we 
could do and what we could not do. I should like to make the 
definite, concrete suggestion that the proper committee give con- 
sideration to expanding a little bit in the Constitution and By-laws | 
on the matter of chapters so that a person who is really interested 
can tell without a great deal of digging what the chapter can do and 
what it can not do. 

I am sure, speaking for the men out over the country who do 
not have the benefit of the Council meetings that a good many of 
the men who live close by have, that this would be of material help 
in promoting the chapters. In other words, it strikes me now as 
though the national body says “If you want to organize a chapter 
why go ahead; we have no serious objections.” 

Mr. Moore’s paper may clear the whole matter up but I think 
something should be put in the constitution itself, regardless of 
whether everything is explained in Mr. Moore’s paper or not. 


E. F. Nicuouts: Is there time at this meeting for a moment’s 
digression? It is a matter which, to my mind, applies to the Sec- 
tions and Chapters and the general society alike. I want to make 
a comment on the question of the manner of presentation of papers. 


There has been one allusion to “highbrow” paper here this 
morning, and I want to say that the “highbrow” papers at this 
convention haven’t all been given by scientific men. We have had 
some “highbrow” commercial and ‘highbrow’ art papers too. 
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The fact of the matter is that the man who gives a paper 
is usually a specialist and his tendency is to give a presenta- 
tion which would be suitable to other specialists in his groove. He 
gives it in a way in which only other specialists in his field can 
understand it. I think that every man who presents a paper 
before such a society as ours is under obligation to use his 
imagination concerning the things in his work which will interest 
and be within the understanding of his audience. 

Papers that are pre-printed have all of the details and all of the 
facts and all of the technicalities that are necessary. It seems to me 
that certain very simple rules should be followed in the giving of a 
paper: The speaker should plainly answer his hearers obvious 
questions. First, what is he driving at? That he should give in 
plain, simple English so that a man in the street or in the alley, 
even, can get some notion about it. How is it connected up with 
other things that are nearest it? What are its surroundings? 
Second, why is it worth driving at? Third, how is he driving at it? 
Fourth, what did he find at the end of the road? And let it go at 
that. If any member is interested in any particular or further 
details, such matters can be brought out in the discussion by the 
members who have read the pre-printed paper. But I think in 
giving the paper orally, it ought to be given in such a simple, 
straight-forward way that the audience will not only get the benefit 
of the paper itself but will know what its closest relatives are and 
why the work was worth doing and worth reporting. 


Preston S. Mituar: At our annual conventions advancement 
of the science and art of illumination is discussed by the leaders in 
the illuminating engineering field. It is very rare for enough of 
these leaders to gather at a meeting of a chapter to make such dis- 
cussions practicable. The Northern New Jersey Chapter of the 
Society is organized with the idea not so much of furthering dis- 
cussions for the advancement of the science and art as for the 
purpose of taking to those who can influence the practice of the 
public such ideas as have been worked out in the Society’s technical 
meetings and promoting their application in practice. Thus the 
Chapter seeks to hold meetings with civic bodies, trade organiza- 
tions, church orgaoizations, etc., for the purpose of pointing out 
how illumination in their respective provinces can be improved to 
their advantage. 
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It seems to me that additional chapters organized for scientific 
discussion of the lighting problem will not succeed. Chapters or- 
ganized for the purpose to which the Northern New Jersey Chapter 
is committed can perform a valuable service in extending the 
influence of the Society for better lighting by the public. 

In the conduct of Sections, Chapters and Local Representatives’ 
work there is a very evident need for a co-ordinating influence from 
headquarters. It seems to me that there ought to be an individual 
or a committee charged with following the work of each and com- 
municating to the others information of a promotive character. 


RAILWAY CAR LIGHTING* 


BY GEORGE E. HULSE** 


SYNOPSIS: Limitations encountered in the problem of supplying illumination to cars. 
Amount of energy available limited, due to car being on the move. Position of lighting fixtures 
determined by car construction, preventing flexibility i in placing units. 

Maintenance of reflecting and transmitting surfaces more difficult than in moat other 
situations. 

Mopans or LIGHTING— 

Gas—incandescent mantle. 

Electricity—axle driven generator with storage battery. 
STANDARDIZATION OF Car ILLUMINATION— 

The postal car lighting tests of 1912. 

Determined and standardized. 

The amount of illumination necessary for postal clerks to properly handle mail. 

The types of reflectors best suited for use. 

Based on these test results, the Railway Mail Service issued specifications for lighting 
of postal cars, giving definite values for their illumination and other details, such as 
mounting height of lamps, and angle of cut-off. 

These specifications can be applied without the necessity of further investigation, in 
the case of the change in interior design of postal cars, the type of reflector available, 
or the type of light source available. 

Coacu Licutine TEstTs OF 1913— 

Determined the amount of illumination obtained with the possible arrangements of 
fixtures, and the available types of reflectors, bowls and lamps. 

The results of these tests are still in use as the basis for designing lighting installations 
in practically all classes of cars. 

ARRANGEMENT OF FIxTURES FOR VARIOUS TYPES OF CARS, AND THE RESULTING ILLUMINATION— 

Coaches, Dining cars, Sleeping cars, Postal cars, Business cars, Baggage cars, Parlor 

| smoking cars. 
TypEs or GLASSWARE USED AND THE EFFICIENCY OF INSTALLATION WITH THIS GLASSWARE— 

Illumination values obtained. The illumination obtained runs lower than illumination 
values used in office or factory installations, but seems to be ample for the conditions 
under which it is used. 


The special conditions surrounding the generation of light, 
and its application for obtaining correct illumination in car 
lighting, differentiate it considerably from other forms of lighting 
and illumination. 

The amount of energy which can be used for lighting is limited. 
This energy can be obtained from a stored supply, or it may be 


*A Paper presented before the Annual Convention of the Illuminating Engineering Society, 
Lake George N. Y. September 24-28, 1923. 

**Chief Engineer, The Safety Car Heating and Lighting Co., New Haven, Conn. 

The Illuminating Engineering Society is not responsible for the statements or opinions 
advaneed by contributors. 
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generated on the car itself, which also entails obtaining it at 
times from a stored supply. This limitation in the amount of 
energy available makes its most efficient utilization necessary. 


The lighting fixtures must be permanently secured in position, 
and out of the way of seats, baggage racks, and sleeping car 
berths, and their position is also determined by the actual con- 
ditions of car construction. This limits the flexibility possible in 
placing the units. 

The problem is further somewhat complicated by the fact that 
the fixtures must be maintained with the minimum of labor 
expended in their upkeep, and as the conditions on a railroad car 
are particularly bad as regards the collection of dust and dirt on 
the fixtures, this item is one which has had careful study in the 
designing and placing of the lighting units. 


METHODS OF LIGHTING 


A large number of cars are at present, and will continue for 
some time to be lighted by gas. Practically all gas lighted cars in 
this country use oil gas as the illuminant. This gas is made by 
‘cracking’ petroleum oil in generators. After it is put through 
the usual processes of cleaning and purification, it is compressed 
to a pressure of about 150 pounds per square inch, and is dis- 
tributed under this pressure to the car yards, where it is transferred 
to suitable holders carried underneath the cars. 


This gas has a high heating and illuminating value, which is 
not materially decreased by the compression, to which it is sub- 
jected. It is this feature of the gas which makes it suitable for 
car lighting, as it provides the maximum amount of lighting value. 


Most of the cars lighted by gas use the incandescent mantle, 
and the flat flame type of lamps which were installed in the older 
cars are being converted to use the incandescent mantle. The 
largest proportion of the lamps use a mantle giving 90 ep. and 
consuming 2 cu. ft. of gas per hour. Where the lamps were origi- 
nally installed at considerable distances apart, when the lamps 
are remodelled it is not feasible to respace the lamps, a large 
mantle giving 125 cp. with a consumption of 2.5 cu. ft. of gas 
per hour is used. A smaller mantle, giving 25 cp. is available for 
use where smaller light sources are necessary. 
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The mantle, being of the inverted type, gives a candle power 
distribution which is well suited for the requirements of car 
lighting. 

As the gas is of constant quality, and the pressure maintained is 
very uniform, the light output of the mantles is constant, and is 
maintained without any necessity of adjusting the air or gas supply. 


Electric Lighting 

A large proportion of the new cars now being built are fitted 
with electric light. In some cases, electric light is also being 
applied to older cars, displacing the former systems. 

The Axle Generator System is almost exclusively used for 
generating the electricity for lighting cars. 

The system known as the ‘Straight Storage System’ was 
formerly used to a considerable extent, but it has almost 
entirely disappeared. With this system, the light was obtained 
from storage batteries which were charged at a stationary 
plant, necessarily while the car was not in operation. This 
system has gone out of use, because the time required for charging 
the batteries lessened too much the availability of the cars for 
actual service, as it required an actual charging period of eight 
hours to properly charge the batteries. 

Some trains are still lighted by the ‘Head End System,’ in 
which the current is obtained from a steam driven generator 
in the baggage car of the train. This generator supplies the 
current for the whole train. A few of the cars in the train are 
supplied with storage batteries to take care of the lighting during 
such times as the engine is detached. This system, however, is 
going out of use. In the winter time the steam used by the 
turbine is too much of a drain on the locomotive, which, at certain 
times, needs all the steam supply which it can generate to pull 
the train. This system is also quite inflexible, as it provides no 
means of lighting cars which may be detached from the train and 
sent to branch lines. 


In the Axle Generator System, the current is generated by a 
dynamo driven from the axle of the car. This dynamo provides 
current for the lights, and charges a storage battery which 
provides current for lighting when the car is not in motion. 
With this system, each car is its own power plant, which is in 
operation whenever and wherever the car may be in service. 
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uch attention as is necessary for the proper operation of the 
ystem may be given to the car during the time of its regular 
ayover periods. 

The essentials of such a system are as follows:—(z) A generator 
ounted on either the car body or the truck with some form of 
driving system between the car axle and the generator. (2) A 
storage battery to furnish current when the car speed is not 
sufficient to drive the generator at a speed to properly charge the 
batteries and light the lamps. (3) A regulator to govern the 
output of the generator at varying speeds, and to properly charge 
the storage battery and protect it from overcharging. (4) A 
regulator to maintain proper voltage at the lamps. (5) Some 
means of keeping the polarity of the generator constant, when the 
direction of movement of the car changes. 

These conditions have been successfully met in various ways, 
the majority of equipments in use now embodying the following 
features:—(1) A generator mounted on the car underframe, driven 
by a belt. (2) The generator is controlled for output at varying 
speeds by a carbon pile rheostat in its field circuit. (3) The 
battery. is protected from overcharging by the voltage which 
is supplied to it being limited to a voltage which will properly 
charge the battery but will not overcharge it. (4) The lamp 
voltage is held constant by an automatic carbon pile rheostat. — 


At present, there is some demand for a drive which will be 
more positive in its action than a belt. Belts do give some 
trouble from slipping, and from being lost, especially in winter 
weather. Various types of gears or other positive drives are 
being investigated, but it is doubtful whether when all the con- 
ditions of application to the car, first cost, and the cost of 
maintenance are considered, the increase in service will be justified. 


CAR ILLUMINATION 


I have already said that the mounting positions for the lighting 
fixtures in railroad cars are limited—in fact, there are practically 
only two positions in which the fixtures can be placed. These 
are :—(1) On the upper deck, that is, dirctly under the roof of the 
car, or (2) on the side deck. As the ceiling height is only nine feet, 
it is impossible to keep the light sources out of the range of vision, 
and makes the screening of all light sources absolutely necessary. 
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While these limitations may have led to some inconvenience, 
they have also accomplished the adoption of certain standards for 
lighting cars, which must be very closely adhered to. 


There are standards in use for the illumination of almost every 
type of car, and these standards are based on data obtained from 
tests made in cars with all possible combinations of fixture 
positions, light sources, and fixture accessories. 


Postal Car Lighting Tests 


In 1912, the Post Office Department, represented a the Rail- 
way Mail Service, together with a number of Railroads and 
manufacturers, conducted a series of tests at Washington to 
determine what was the proper illumination for postal cars, and 
how it could best be obtained. These tests included the measure- 
ment of illumination with all available arrangements of fixtures, 
light sources, reflectors, and glassware. They also included tests 
of the amount of illumination necessary for the postal clerks to do 
their work properly and without eye fatigue. These latter tests 
were made with a large number of operators, and with all possible 
combinations of fixture positions, light sources, reflectors and glass- 
ware. 


As a result of these tests, specifications were issued by the 
Post Office Department covering completely the lighting of postal 
cars, as to the general position of the fixtures, and the amount of 
illumination necessary in different parts of the car, the latter being 
given a maximum and a minimum value. Differentiation was also 
made between the different types of reflectors, and where the tests 
showed that the illumination necessary differed with one type of 
reflector and another, proper allowances were made in the speci- 
fications. 


The application of these specifications has resulted in a very 
satisfactory illumination of postal cars, and although since these 
tests were made the types of light sources have changed, the 
interior construction of the car has been modified, and new types 
of reflectors have been introduced, the information obtained, and 
the standards adopted as a result of these tests, have made it 
possible to rearrange the illumination and give satisfactory re- 
sults without the necessity of any further investigation. 
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Following the postal car tests, a number of Railroads and 
manufacturers interested, conducted a series of tests on the lighting 
of railroad coaches at Cleveland. In these tests, the amount of 
illumination with all possible arrangements of fixtures and available 
types of reflectors and bowls and light sources, was determined. 
The results of these tests were sufficiently comprehensive to 
cover all the features which have been introduced in car lighting 
since that time, and are still in use as a basis for designing the 
lighting installations in practically all classes of cars, except postal 
cars. 


TYPE C LAMP 


The introduction of the type C lamp with its larger output 
of light per unit of energy has, of course, had some influence on car 
lighting where the question of efficiency in the light source is 
particularly important. 


Up to the time of the introduction of the type C lamp, the 
use of open reflectors was universal for almost all of the different 
classes of cars. This was used on account of its increased efficiency 
over any enclosing bowl, and also on account of the fact that it 
was considerably easier to keep clean than enclosing glassware. In- 
direct lighting has never been used to any extent in car lighting 
due to the difficulty in keeping the reflecting surfaces in proper 
condition. The appearance of the fixture with open reflectors, is, 
of course, not so pleasing as fixtures with enclosing bowls, and the 
proper screening of the light source in considerably more difficult. 

Since the introduction of the type C lamp, however, the use 
of enclosing glassware is increasing, as about the same output 
per unit of energy used can be obtained by using enclosing glass- 
ware with the type C lamp as can be obtained with the open 
reflector and the type B lamp, and the appearance of. the former 
type of fixture is considerably better than the open reflector. 

Type C lamps are being used to some extent in open reflectors, 
but this is not good practice, unless the lamp is white glass, or 
bowl frosted, as, even if the light source itself is screened, the 
bright reflection spots on the reflector are very trying to the eyes. 

The following is an outline of the methods of lighting used in 
the various types of railway cars— 
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Coaches 


Coach lighting is, of course, of the greatest importance as, | 


coaches constitute the largest number of cars in use, and carry 
more people than any other class of car. 

A certain amount of general illumination is necessary, but the 
principal illumination is required for reading. The lighting system 
should be designed for best illumination on the reading plane, 
which is 45° to the horizontal, and at right angles to the centre 
line of the car. The lighting tests which I have referred to, de- 





monstrated that equally good illumination, as far as intensity, — 


distribution, and uniformity go, could be obtained either with the 
fixtures mounted on the upper deck, or on the side deck. 
Centre lighting is more largely used, however, on account of 


_ the fact that it requires less fixtures, and there are fewer lamps and © 
reflectors to maintain. Centre lighting also gives less trouble from — 


shadows cast by the passenger’s head on his own or another pas- 
senger’s reading. The standard spacing for lamps is 6-ft. both for 
those mounted on the centre deck and on the side deck. The 
mounting height for the centre lamps is about 8-ft. and for the 
side lamps 6-ft. 6-ins. 

The open-mouth type of reflector, in either heavy density opal 
glass, or clear prismatic, is employed for coach lighting, preferably 
with type B lamp. For centre lighting, a 50-watt lamp is used, 
having an output of 560 lumens, and for the side lighting a 25- 
watt lamp, having an output of 270 lumens. 


Using these lamps, the following illumination values are ob-— 


tained with the open- mouth reflectors as in Table I. 


TABLE I 


Foot-CaNDLES 


45° PLANE HORIZONTAL EFFICIENCY 
PER CENT 
Window Aisle Horizontal 
Seats Seats Mean Average Plane 
Heavy 
Density 2.87 3.85 3.39 4.95 49.7 
Opal 
Clear 2.81 3.67 3.25 4.67 46.6 


Prismatic 
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When type C lamps are used, they should be used exclusively 
for centre lighting, in fixtures placed close against the ceiling with 
an enclosing bowl, the mounting height of the fixtures being about 
8-ft. 6-ins. | 

The bowls used are of the best type of transmitting glassware, 
and the lamps so0-watt type C, with an output of 740 lumens. 
With the grade of glass now available, the following illumination 
values are obtained—See Table IT. 


TABLE II 
Foot-CANDLES 


45° PLANE HORIZONTAL PLANE EFFICIENCY 
PER CENT 
Window Aisle Horizontal 
Seats Seats Mean Average Plane 
2.59 2.85 2.72 3.35 22 


Using the 75 watt type C lamp (1215 lumens, or 202 lumens 
per running foot of car) these values would be as follows—See 
Table III. 

TABLE III 
Foot-CAaNDLES 


45° PLANE HORIZONTAL PLANE EFFICIENCY 
Window Aisle Horizontal 
Seats Seats Mean Average Plane 
j PER CENT 
3.58 3-44 3:75 4.65 22 


It will be noted that using the same wattage the values obtained 
with the typeC lamp and enclosing bowls are about 20 per cent lower 
than with the open-mouth reflectors. With the enclosing bowl, to 
obtain illumination equal in intensity to that obtained with a type 
B lamp and open-mouth reflectors, it is necessary to increase the 
wattage 50 per cent and to useatype Clamp. With the enclosing 
bowl, there is no danger of glare, and the appearance of the car is 
considerably improved. 

With gas lighting, the lamps are generally Boat g-ft. apart. 
The best arrangement uses an enclosing bowl around the mantle, as 
Open-mouth reflectors are not suitable for use with gas burners. 
The type of bowl most generally used is one that is spherical in 
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shape, the upper half being of heavy density opal glass, and the 
lower portion of clear glass optic ribbed. As the gas mantle has a 
rather low intrinsic brilliancy, these ribs give sufficient diffusion to 
prevent any bad effects from glare. The illumination values for a 
coach with such an equipment, using the 90-cp. mantle with 9-ft. 
spacing, 87 lumens per running foot of car, are as follows as in 
Table IV. 


TABLE IV 
Foot-CaNDLES 
45° PLANE HORIZONTAL PLANE EFFICIENCY 
PER CENT 
Window Aisle | 
Seats Seats Average Average 
ic75 2.04 1.89 2:42 25 


With the 125 ¢.p. mantle, giving 120 lumens per running foot. 
of car, these values would be as follows—See Table V. | 


TABLE V 
Foot-CaNnDLES 
45° PLANE HORIZONTAL PLANE EFFICIENCY 
PER CENT 
Window Aisle 
Seats Seats Average Average 


2.44 2.84 2.64 ete wg 25 


Dining cars | 

The evolution of dining car lighting is an example of the fact. 
that the type of lighting which may be satisfactory in one place 
may not be satisfactory under what appear to be very similar con- 
ditions. It is generally conceded that the requirements for dining 
room lighting are that the table itself should be made a place of 
high illumination, and that the remainder of the room should be 
at a considerably lower level. 

Some years ago a system of lighting dining cars was designed, 
based on these requirements, and this system met these require- 
ments fully. However, it did not give satisfaction to the patrons 
of these cars. The lighting fixtures were placed directly over the 
tables, with concentrating reflectors above the lamps, and directing 
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plates under the lamps, placing a high illumination directly on the 
table. The general illumination was quite low, and was obtained 
by a few light sources in the upper deck of the car. While the 
tables were very well lighted, the rest of the car, of course, was not, 
and patrons of dining cars complained that the cars were gloomy. 
This has led to an installation, in which there is a considerable 
degree of general illumination. The lamps over the tables have 
been retained, but the general illumination is now of a higher value, 
and is obtained either by semi-indirect lamps, or by enclosing 
bowls, placed directly against the ceiling. The lamps for general 
illumination are mounted 6-ft. apart, and use so-watt type C 
lamps. The illumination on the table top is from eight to twelve 
foot candles, and is obtained by the use of 50-watt type C lamps, 
mounted in the special fixture referred to. 
The kitchens and pantries in the dining cars, of course, require 
a high degree of general illumination, as they are so small that the 
work of preparing meals is carried on in all parts of these rooms. 
The present practice is to light these rooms by ceiling fixtures, . 
using a so-watt type C lamp with a reflector of the RLM type. 
As the work is carried on by the occupants of these rooms in a 
standing position, and this work is all below the level of the eye, 
this type of fixture can be used without any bad effects from glare. 


Sleeping cars 
Sleeping cars require lighting for general illumination, for 
reading, or for working at a table in the sections, for the illumina- 
tion of the berths after they are made up, and for the illumination 
of the aisle for passengers who go through after the berths are 
made up. 

The fixtures for general illumination must be placed close to 
the ceiling to prevent interference with the fixture from the upper 
berth. A shallow enclosing bowl is used with these fixtures. 

- §mall units, with individual control, placed in the corner of 
each section, provide additional local illumination for reading in 
the seats, and for the necessary light after the berths have been 
made up. 
The state rooms in a sleeping car and compartment car are 
lighted by the same type of ceiling lamp as is used in the berth 
ection of the sleeper. 


/ 
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Smoking rooms are lighted by centre lamps in the ceiling, and 
also may have bracket lamps at the back of the fixed seats to 
ensure proper lighting for reading. 

The passageways are lighted by ceiling fixtures, either with 
open-mouth reflectors, or a fixture having a reflector set into the 
ceiling, and a directing plate under the lamp set flush with the 
ceiling. 

It was formerly the custom to leave one or more of the centre | 
lights lit after the berths had been made up, but this, of course, 
was a nuisance to the occupants of the upper berths. Fixtures 
are now being used which are secured to the frame of the seat. 
These fixtures throw the light on the floor, making it easy to find 
the way along the aisle after the berths have been made up, and 
the ceiling lamps have been extinguished. 

For the centre lamps, type C bulbs, 1oo-watt, having an 
output of 1700 lumens, are used. The general illumination on the 
reading plane with this fixture and 100 watt bulb, averages five 
foot candles. For the berth lamps, 25-watt type B bulbs are used. 





Parlor cars 

Parlor cars require illumination mainly for reading purposes, 
together, of course, with sufficient general illumination. The same 
type of installation is used in parlor cars as in sleeping cars, with, 
of course, the omission of the particular units having directly to do 
with the sleeping car berths. 


Parlor-smoking cars 
These cars require general illumination, and also good illumin-— 
ation on the reading plane. The general illumination is obtained 
by the same type of centre fixture as is used in sleeping cars, but 
as the seats are on the side of the car facing the centre, it is neces- 
sary to add to this illumination for reading purposes. The ad-— 
ditional illumination is obtained either by pendants attached to 
the side deck, or by brackets on the side walls of the car. | 
Postal cars | 
The proper illumination of a postal car is, of course, very 
important as postal clerks are employed constantly while in the car 
on work which demands the best possible illumination. 
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Postal cars are divided into three sections— 

(1) The section where the letters are taken from the 
sacks and distributed to the pigeon holes according to the 
route which they are to follow. 

(2) The bag distributing rack, where the papers are 
distributed into boxes, and where packages or letters are 
placed in the mail bags. 

(3) The storage end, where the filled sacks are stored. 

The letter distributing cases require high illumination on the 
vertical plane for the box labels, and on the horizontal plane for 
the reading of the addresses on the mail. 

The bag distributing racks require high Hinmunatton on the 
horizontal plane, for reading the addresses on the packages, and 
also for the labels on the bag rack. 

The storage end of the car requires a fair general illumination. 
The following are the specifications of the Railway Mail Service 
for the initial illumination values for the various portions of the 
postal car as in Table VI 


TABLE VI 


InITIAL VALUES OF ILLUMINATION REQUIRED 
FOOT-CANDLES 


Bag Rack Portion Minimum Maximum 
Centre of car—horizontal............. 0.0.00. 0eee 3.75 12.00 
Mouth of bags, measured 18 inches from side of car— 
PGQELZOTEGS Ue UR Secunia u NAN as Gialdod oa gil iy Whabat ed 2.00 12.00 


Letter-cases 


Over table-norizontal | ee Wl ys kel BLT 19.00 
MCS OU CBSE VOPUICAL fh Uae! Soa a cscaie sie wick bbe wi thal ound 1.66 19.00 
PLEA RC OOCLIGIE MONS UN ayia Non ros nga) Glan LUM 2.00 12.00 


These initial values are so set so as to give adequate illumination 
in case there is a depreciation of 40 per cent in the efficiency of the 
installation. 

If reflectors with a glazed reflecting surface, such as porcelain 
enamelled metal, are used, these values must be increased 25 
per cent. 

The reflector most largely used in postal car lighting is one 
made from aluminum, with a special matted surface, which gives 
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a high reflecting efficiency, and which may be easily cleaned, and 
its original efficiency restored. 


These specifications are fulfilled in the 60-ft. postal car of the 
present type, by using 15 type B so-watt 560-lumen lamps. These 
lamps are used with an aluminum open-mouth reflector, the re- 
flector at the lettercase being of the intensive type, and those in 
_ the bag rack and storage portion, giving the maximum outputat 
an angle of 45°. 

If type C s0-watt lamps are used, eleven lamps are required. 
These lamps have an output of 740 lumens. The same type of 
reflector is employed. 


The Railway Mail Service require that if the type C lamp is 
used, it must be bowl frosted, or enamelled. 


For the 60-ft. apartment, with Pintsch gas, eleven lamps are 
required, using a go-cp. mantle, with aluminum reflectors. 


Private or business cars 


The private or business cars generally consists of what may 
be termed the living room, or office, in the observation end, 
several state rooms, or bedrooms, dining room, and kitchen. 


The living room or office, is provided with general illumination 
from centre lights. It may have chairs placed along the side fac- 
ing the centre, and lighting for reading at these chairs is provided 
by brackets on the side wall, or pendants on the lower deck. Ad- 
justable local lighting units are provided for the desks and type- 
writers with which these rooms are generally fitted. There are 
also local lights provided for lighting the gauges and speed indi- 
cators which are installed in this room. 


The bedrooms may be fitted either with the ordinary form of 
sleeping car berth, or with a portable bed. These rooms generally 
have one centre lamp. If there are berths, the berths are provided 
with berth lights, and the beds have reading lights attached to 
the bed posts. The mirrors in these rooms are provided with local 
lighting brackets set on either side of the mirror. The centre 
lights used are generally of the enclosing bowl type, mounted 
close to the ceiling. 
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The dining room is ordinarily lighted by one centre light placed 
directly over the table. In some cases, the dining room may be 
also used for a sitting room. In this case, additional lighting is 
provided by brackets or pendants on the deck rail. 


Baggage Cars 


These cars must be provided with good illumination both on 
the horizontal and vertical planes. 


The illumination on the vertical plane must be of a good value 
up to a height of seven feet. Trunks, and other articles, which are 
carried in baggage cars, are often piled very high in the car, and 
the illumination must be sufficient so that the labels, or markings, 
on all baggage can be easily read. 

Glass reflectors, or enclosing bowls, are not desirable in this’ 
class of car on account of the danger of breakage. 


The best practice at present is the use of metal reflectors of 
the RLM type, placed as close to the ceiling as possible. With such 
reflectors, and s50-watt, 740 lumen type C lamps, spaced 1o-ft. 
apart, an illumination of about four foot candles will be obtained 
on the horizontal plane, and an illumination varying from one to 
five foot candles on the vertical plane. 


Baggage cars should also be provided with a fixture over each 
door, having a metal reflector designed to light the floor of the 
car directly at the door, and also to reflect the light through the 
doorway of the car so that it may illuminate the floor of a baggage 
trunk placed at the doorway. 


ILLUMINATION INTENSITIES 


I have heard at times some criticism of the intensities of 
illumination which are obtained in car lighting, with the suggestion 
that these should be considerably increased in line with the in- 
crease in intensities in other lines of work. 

W:th the best installations, in coaches the illumination on the 
horizontal plane will be about four foot candles, and on the 45° 
reading plane, will average about three foot candles. 


In sleeping cars, with the present arrangement of lamps, the 
light on the 45° reading plane will average about five foot candles. 
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These values are, of course, lower than those recommended at 
present for the lighting of offices and similar rooms. It must be 
considered, however, that cars, with the exception of the baggage 
car, postal car, and kitchen of dining or business cars, are not used 
to any extent for work. The illumination is used principally for 
reading for short spaces of time. In view of this fact, these in- 
tensities of illumination seem to be adequate. The intensity ob- 
tained in Pullman cars at present is certainly sufficient for any 
use to which it is put. 

In the case of postal cars, the horizontal illumination obtained 
with the new installation is about six foot candles, although the 
specifications based on actual tests and study of the problem, 
allow for a considerably less intensity than this. 

As I have already said, the amount of energy available for 
use on the car is limited—therefore, the illumination provided 
must of necessity be as low as possible and still be adequate. The 
illumination obtained, however, from the best practice at the 
present time appears to be quite adequate. 


ABSTRACTS 


In this section of the Transactions there will be used (1) ABSTRACTS of 
papers of general interest pertaining to the field of illumination appearing in 
technical journals, (2) ABSTRACTS of papers presented before the Illuminating 
Engineering Society, and (3) NOTES on research problems now in progress. 


THE FIRST LOW VOLTAGE GAS FILAMENT LAMP* 


BY D. MCFARLAN MOORE** 


SYNOPSIS: For many years all luminosity due to the action of electricity in gases was 
associated with high voltages. The light between the two terminal electrodes of a small Geissler 
tube, or of a tube lamp such as used in the Moore long tube system, is positive column light, 
which in a measure accounts for its much greater intensity and efficiency. Several years ago it 
was found that luminosity in gases could be produced solely by voltages as low as 110, but it was 
a negative glow light of low intensity that surrounded the metal electrodes in a bulb of rarified 
neon gas. Although the ice on the problem was broken by the negative glow lamps, there 
remained the far more difficult problem of obtaining positive column light on low voltages. This 
paper announces such lamps, and contains, also, a brief resumé of the history of gaseous conduc- 
tion and its many contacts with electrochemistry 


ca * * * * * * * * a R ee 


It has been questionable from a scientific standpoint whether 
or not it would ever be possible to obtain a positive column lamp 
which will start and run on potentials less than 220 volts, but such 
a lamp is described in this paper. 

The basic principles upon which it operates are such that hopes 
are entertained that it can be developed into a new and very useful 
light source. The steps leading up to this result have been interest- 
ing, and I have been requested to touch upon some of the high 
points in gaseous conduction lighting and keep in mind the various 
electrochemical problems involved. 
oe * * * oe cd * * * ok * %* 


Large tube lighting units have their commercial limitations, 
however, whether built in situ or in portable form, so that once 


*Abstracted from a paper presented at the Forty-fourth General Meeting of the American 
Electrochemical Society, Dayton, Ohio, September 27, 28 and 29, 1923. 


**Moore Light Dept., Edison Lamps Works of G. E. Co., Harrison, N. J. 


The Illuminating Engineering Society is not responsible for the statements or opinions 
advanced by contributors. 
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more the desire for a simple bulb form of electric gas lamp became 
acute, and the first low voltage gas lamp already referred to result- 
ed. However, the possible candle-power on 110 volt from such 
neon corona lamps was meager, and, therefore, the commercial 
possibilities restricted. | 

Higher candle-powers were reached in another new type of 
low voltage lamp*, in which the light emanated simultaneously 
from three sources: (1) the neon gas, (2) the tungsten arc, and 
(3) the more or less highly heated tungsten electrodes. 


_ It was realized that if a positive column could be made by 220 
or 110 volts it would probably have long life due to the small 
tendency of a positive column to blacken, and also that it could be 
made bright and efficient. But with ordinary electrodes, of iron 
for example, 220 volts even in neon gas would not produce any 
positive column light, and therefore special expedients needed to be 
devised that were simple, that is, that did not involve the use of a 
high potential transformer or other auxiliary apparatus. Figure 1 
is a photograph of one of these new low voltage positive column 
lamps, that is immediately applicable to any 220-volt a. c. socket. 
Figure 2 indicates its construction as well as one form of circuits 
that involve the fundamental principle of first generating in a short 
gap the electrons needed by the long positive column. 


The line potential on 1 and 2, which are attached to the cylin- 
drical electrodes 4 and 5, can not normally produce any current or 
any light through the long positive column 3; but there is provided 
the electrode 6, that is less than 1/64 inch from 4 and it is connected 
to a similar electrode 7, so that the 220-volts immediately bridges 
the gaps 6-4 and 7-5, thereby generating electrons which then cause 
the 220-volts on 4 and 5 to produce a bright discharge through the 
positive column 3. One of the definitions of the word filament is 
“something continued in a long course’’ and since, when viewed 
from a short distance such a positive column discharge does not 
look unlike the carbon filament of a former type of series lamp, the 
term “gas filament lamp’’ has evolved in contra-distinction to a 
solid filament lamp. It will be noted that the gas filament is 
confined within a simple curved glass tube which has an opening 
or vent at its center. Since the bulb is supplied with neon gas at a 


*A low voltage self-starting Neon Tungsten arc incandescent lamp. Trans. Am. Inst. 
Elec. Eng. Sept. 26, roar. 
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Fia. r—Moore low voltage positive 
column gaseous conductor lamp, 220 v. 
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Fia. 2—Low voltage (220 v.) positive 
column lamp. 
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Fic. 3—Moore low voltage positive 
column gaseous conductor lamp, IIO v. 
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Fig. 4—Low voltage (110 v.) positive 
column lamp. 
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pressure of about 20 mm., this vent not only tends to regulate 
automatically the gas pressure, within the filament tube, when it is 
warmed by the discharge, but also prevents electrode impurities, 
though small, from seriously affecting the gas filament conductivity. 
It might be called a self-healing or self-repairing conductor. 

Figure 3 is a photograph of such an experimental gas filament 
lamp suitable for 110 volts and Figure 4 is a diagram of its con- 
struction and circuits. It will be noted that in the 220-volt lamp 
there are two ionizing gaps in series, and in the 110-volt lamp the 
gaps of each electrode are in multiple, which dispenses with all 
wasteful positive column resistance. A large number of modifica- 
tions of both circuits and electrodes have been tried, with wattages 
varying from 1 to Ioo. 

Life tests have proven that some of these lamps have, without 
appreciable change, run for over 400 hours. But it is not claimed 
in any sense that this new type of lamp has reached a commercial © 
stage. This paper is written merely as a means of recording 
scientific advance in what has been claimed to be an important 
direction. Theory seems to indicate that to increase materially 
the luminous efficiency of light sources in general, resort should be 
made to radiation from gases electrically agitated. | 

Perhaps the exact and complete theoretical explanation of the 
action of these lamps is not now known, but it may suffice to say 
that at a definite line wattage consumption, a given lamp may 
satisfactorily operate without apparent change for several hundred 
hours, yet if operated at about 30 per cent lower watts its positive 
column will cease, due to lower gas pressure, and if it is operated 
at about 30 per cent higher watts its positive column will also 
cease, but due to too high gas pressure. These actions suggest the 
query whether or not at the medium wattage there is going on a 
simple consumption of the electrode material, or is there a definite 
electrochemical cycle comparable to that of the mercury tube 
light. 
* 


* 5 * + * * * a * 8 * 


SOCIETY AFFAIRS 


THE LAKE GEORGE CONVENTION 


‘All work and no play make Jack a dull boy” apparently was one of the 
principles followed by the committee in charge of the Seventeenth Annual 
Convention of the Illuminating Engineering Society at Lake George, Septem- 
ber 24th to 28th. The Fort William Henry Hotel served as headquarters to 
the largest assemblage its staff has ever known. Many nearby cottages and 
smaller hotels were called upon to house the throng. 

An elaborate entertainment program alternated with the many business 
_ sessions which were held from day to day. Especial pains were taken to pro- 
vide social events for the women guests. The Glens Falls Country Club al- 
lowed free use of its privileges to the delegates. 

A business session was held Monday afternoon and the usual procedure of 
getting acquainted was followed, the day culminating in an informal dance in 
the hotel at night. 


THE NIGHT OF LIGHT AND COLOR 


One of the outstanding features of the session was a lecture, ‘‘Light’’, 
given by M. Luckiesh, of the National Lamp Works of the General Electric 
Company, Cleveland, at which time he introduced a special lantern for illustrat- 
ing his talk. This device throws a kaleidoscopic color pattern on a screen, 
constantly changing to new designs, and proving of invaluable assistance in 
developing new color schemes. Various color cylinders are inserted in the 
machine and the resulting designs on the screen will not duplicate themselves if 
the apparatus is run constantly for 24 hours. 

The lighting and fireworks spectacle the night of September 25th was the 
grand climax of the convention. Visitors from the surrounding country up to : 
75 miles away poured into the village during the latter part of the afternoon 
and early evening and took up positions on the shore of the lake for miles to 
view the display. It was asserted by state troopers who handled the traffic 
during the general exodus following, that only with the greatest difficulty was 
the string of automobiles kept moving, hours being consumed in emptying 
the region of visitors. 


THE OUTDOOR DISPLAY 


A multicolored lighting and fireworks spectacle designed by W. D’Arcy 
Ryan and unequalled since the Panama-Pacific International Exposition was 
the outstanding feature of the seventeenth annual convention of the Illuminat- 
ing Engineering Society at the Fort William Henry Hotel, Lake George, N. Y., 
September 24th to 28th, inclusive. Over 300 members and guests of the 
Society were present at the gathering, and it is estimated over 50,000 viewed 
the lighting and fireworks display the night of the 25th. 
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Excursion Boat—Tuesday Afternoon Session 





Apparatus on Pier for Fireworks and Steam Effect 





Searchlight Battery 





Fireworks—Night of Light and Color 





SOCIETY AFFAIRS 767 












For a number of days previous to the opening of the Convention, workmen 
ind engineers were busy arranging the spectacular light and color effects which 
yere introduced. This work was carried on under the general direction of W. 
)’Arcy Ryan, Chairman of the Convention Committee, and his assistants. A 
ell-drilled corps of about 50 men was required to operate the many search- 
ghts, colored torches, lanterns and fireworks which were utilized. Set pieces, 
nortars for discharging bombs, rockets and red fire were included in the 
lyrotechnic display. 

The trees and shrubbery about the hotel and grounds were gorgeously 
| uminated by colored searchlights placed in advantageous positions, various 
hades and hues enchancing the natural beauty and form of the growth. One 
ree, bathed in rainbow tints by searchlights placed directly beneath, was an 
xample of unusual chromatic beauty. It was in this work that Mr. Ryan 
xcelled himself and more than sustained his reputation gained in the past for 
plendid effects of this nature. Torches were placed along the paths and 
plored lanterns hung in the groves. A jeweled emblem of the society, bedecked 
rith glass pendants and brilliantly illuminated by a single powerful beam from 
me of the largest searchlights in use, formed a point of splendor in the trees. 


| This light and color combination on the grounds of the hotel formed the 
ntroduction to the fireworks display which followed. It was during the ex- 
ibition that there was called into use the famous Ryan color scintillator which 
ras so successful at the San Francisco exposition. A dozen beams from as 
hany searchlights, varied and changing in hue, formed designs of unusual 
eauty both on the clouds of smoke formed from the bursting bombs and 
reworks, and with the aid of steam especially generated for the purpose. To 
his end, a Delaware and Hudson R. R. locomotive was utilized. Some of 
e effects gained in this manner were “‘Aurora Borealis,” ‘Fighting Serpents 
nd Chromatic Wheel,’’ “Beam Drill,’ ‘‘Plumes of Paradise,” ‘Spooks’ 
larade”’ and ‘‘Devil’s Fan.” 


















Another feature of the pyrotechnic program was the use of twelve-inch 
vyan electric shells, which are among the largest ever used in such displays. 
‘he release of these and others ranging down to four inches in diameter was 
nade from a total of 150 mortars arranged upon the steamship dock. Float- 
ng figures of animals, parachutes and flags were released from some of the 
ursting bombs. These were picked up by the many-colored searchlights and 
heir descent illuminated. 


The Convention Banquet was held on Thursday evening at which General 
‘reorge H. Harries officiated as toastmaster. The main address was given by 
fr. Laurence A. Hawkins of the Research Laboratory of the General Electric 
hompany. 


One of the most pleasant surprises at the banquet was the presentation 
f the Past-President Badge to those Past-Presidents of the Society in attend- 
jnce at the Convention. This badge is the regular design of the member 
adge and is made in gold with no enamel. 
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CLEVELAND AGAIN WINS ATTENDANCE PRIZE 

The customary feature of the annual banquet was observed in the pr 
sentation of the traveling gavel to the Cleveland Chapter by Mr. D. McFarlel 
Moore for the largest representative attendance at the Convention. ! 
E. W. Commery accepted the award in a fitting manner. 









SECTION ACTIVITIES 
LOS ANGELES CHAPTER 
At a meeting of the members of the Illuminating Engineering Society hes 


at the Alexandria Hotel, Los Angeles, on September 24, the following offices 
were elected for the year 1923-24 for the new Los Angeles Chapter of thi} 
Society: Chairman: David C. Pence, Manager of the Illuminating Dew 
Illinois Electric Company, Los Angeles; Secretary-Treasurer: J. F. Anderso# : 
Illuminating Engineer, Southern California Edison Company, Los Angelad 
Directors: F. S. Mills, Western Representative of the National X-Raf 
Reflector Company, Los Angeles; Herbert J. Mayo, Sales Engineer, Bet 
jamin Electrical Manufacturing Company, Los Angeles; Walter A. Aldeq 
Interior Lighting Engineer, Westinghouse Electric & Manufacturing Cor 
pany, Los Angeles. 























COUNCIL NOTES 


ITEMS OF INTEREST 


At the meeting of the Council, September 27, 1923, the following we# 
elected to membership: 


Four Members 


Fa.es, Toomas C., President, Dedham & Hyde Park Gas & Electric Light Ce 
60 Congress Street, Boston, Mass. 
Loomis, FRANKLIN WELLS, [luminating Engineer, Duquesne Light Co., 4; 
Sixth Avenue, Pittsburgh, Pa. 
TOENSFELDT, RatF Tuomas, Chief Electrical Engineer, Dept. Public Utilitie 
City of St. Louis, Mo. | 
Wiiucox, Francis WALLACE, Manager, International General Electric Caf 
120 Broadway, New York, N. Y. 


Eighteen Associate Members 


Bisuorr, ALEXANDER, Assistant Examiner in U. S. Patent Office, Art 
Illumination, 1607 East Capitol Street, Washington, D. C. 

CiampP1, Gurpo, Electric Engineer, Compagnia Generale di Elettricita, Mila 
Italy, International General Electric Co., Schenectady, N. Y. 

Doane, Leroy C., Engineer, Ivanhoe Regent Works of General Electric Cd 
5716 Euclid Avenue, Cleveland, Ohio. | | 
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PRAVES, Roy Martin, Testing Engineer, Commonwealth Edison Co., 28 
. North Market Street, Chicago, Ill. 

Hat, Joseru C., Deputy Commissioner, Dept. of Gas and Electricity, City 
Hall, Chicago, Ill. 

| ERR, R. D., Interior Lighting Engineer, Westinghouse Electric & Mfg. Co., 
| 1704 Union Bank Bldg., Pittsburgh, Pa. 

Hinus, Arruur W., Lighting Specialist, Western Electric Co., Kirby & 
| Dequindre Sts., Detroit, Mich. 
| 




















TOLLAND, E. J., Sales Manager, Consolidated Lamp and Glass Co., Corao- 
polis, Pa. 

: OLMES, Percy R., Engineer, National Lamp Works of G. E. Co., Nela Park. 

} Cleveland, Ohio. 

Dison, Meuvin E., Salesman, National Lamp Works of G. E. Co., Buckeye 

§ Division, 1811 East 45th St., Cleveland, Ohio. 

PLUMB, Hyon T., Intermountain Engineer, General Electric Co., 720 New- 

# house Bldg., Salt Lake City, Utah. 

RamBuscu, Haroip, Rambusch Decorating Co., 2 West 45th St., New York, 

aN. Y. : 

RANNENBERG, K. S., Deputy Supt., Street Lighting Dept. of Streets & Engi- 

neering, Room 410, Municipal Bldg., Springfield, Mass. 

SCHUMACHER, RuDOLPH, JR., Lighting Specialist, 960 Anderson Ave., Bronx, 
New York City. 

HWACKHAMER, Rosert J., Assistant Illuminating Engineer, General Electric 
Co., Schenectady, N. Y. 

{Veaver, K. S., Experimental Illuminating Engineer, Westinghouse Lamp Co., 

} Clearfield Avenue, Bloomfield, N. J. 

VituraMms, Harry E., Uluminating Dept., Empire Gas & Electric Co., 103 
Castle Street, Geneva, N. Y. 

ouTz, J. Pav, Electric Engineer, General Electric Co., Schenectady, N. Y. 


Other Changes in Membership 
One Associate Member Reinstated 
Sleason, Homer E., Cascade Fixture Co., 1720 Yale Avenue, Seattle, Wash . 


The General Secretary reported the death, on August 13, 1923, of one 
issociate member, George V. Strahan, Mitchell Vance Co., Inc., 507 West 
4th St., New York, N. Y. 


— = 


| 
| 
| CONFIRMATION OF APPOINTMENTS 
As Chairman of the Committee on Finance—Adolph Hertz. 
Hs Chairman of the Committee on Papers—A. L. Powell. 


4s Chairman of the Committee on Editing and Publication—Norman D. Mac- 
donald. 


As Chairman of the Committee on Lighting Legislation—Louis B. Marks. 
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As Chairman of the General Board of Examiners—Leonard J. Lewinson. 
As Chairman of the Committee on Membership—G. Bertram Regar. 


As Chairman of the Committee to Co-operate with Fixture Manufacturers 
M. Luckiesh. 


As Chairman of the Committee on Research—Ernest Fox Nichols. 










As Chairman of the Committee on Progress—Francis E. Cady. 


As Chairman of the Committee on Nomenclature and Standards—E. C. Cri 
tenden. 


| 
| 
lj 
| 
| 
| 
| 
As Chairman of the Committee on Motor Vehicle Lighting—Clayton H. Shar ai 


At the meeting of the Council, October 11, 1923, the following were electeé 
to membership: 
One Member 


Pierce, Eimer §., Principal, Seneca Vocational School, 787 Seneca St 
Buffalo, N. Y. . 
Five Associate Members 


BERNHARD, Lester S., Student, Ohio State University, 92 Chittenden Ave e5 
Columbus, Ohio. 
Boyp, Grorce M., Westinghouse Elec. & Mfg. Co., George Cutter Works 
South Bend, Traine 
Butter, C. 8., Westinghouse Elec. & Mfg. Co., 426 Marietta St., Atlanta, Gai 
CuarmMan, A. J., Electrical Development & Equipment Co., 180 West Laki 
St., Chicago, Illinois. 
Hout, Toomas T., President, The Skybryte Co., 1100 Keith Bldg., Cleveland 
Ohio. 


CONFIRMATION OF APPOINTMENTS 


As members of the Council Executive Committee: 
Clarence L. Law, Chairman; Louis B. Marks, Samuel G. Hibben, Presta | 
S. Millar and H. F. Wallace. 


As members of the Committee on Finance: 
H. F. Wallace and Frank R. Barnitz. 


As members of the Committee on Papers: . 
R. W. Shenton, Vice-Chairman, Julius Daniels, George C. Cousins, N. 


J. L. Stair and R. H. Maurer. 


As members of the General Board of Examiners: 
G. Bertram Regar and H. V. Bozell. 


As members of the Committee on Membership: Ng 
J. F. Anderson, C. A. Atherton, W. T. Blackwell, Frederick W. Bliss, RJ 
Brown, James E. Buckley, W. E. Clement, George G. Cousins, E. 
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H. E. Hobson, M. C. Huse, Karl E. Kilby, James D. Lee, Jr., F. W. 
Loomis, H. E. Mahan, Charles C. Munroe, John A. O’Rourke, 8. L. E. 
Rose, H. H. Smith, J. L. Stair, L. A. S. Wood. 


members of the Committee on Lighting Legislation: 

W. F. Little, W. T. Blackwell, F. C. Caldwell, George S. Crampton, H. B. 
Dates, E. Y. Davidson, Jr., J. E. Hannum, Ward Harrison, 8. G. Hibben, 
J. E. Hoeveler, James E. Ives, M. G. Lloyd, M. Luckiesh, R. H. Maurer, 
A. S. McAllister, E. G. Perrot, W. J. Sherrill, R. E. Simpson, George H. 
Stickney, R. C. Taggart. 


Chairman of the Committee on Sustaining Members: Herbert F. Wallace. 





































s members of the Committee on Nomemclature and Standards: 

Howard Lyon, Secretary, G. A. Hoadley, E. P. Hyde, A. E. Kennelly, M. 
Luckiesh, C. O. Mallioux, A. S. McAllister, E. C. McKinnie, C. H. Sharp, 
W. J. Serrill, G. H. Stickney. 


Chairman of the Committee on New Sections and Chapters: D. McFarlan 
Moore. 


t Vice-Chairman of the Committee on Motor Vehicle Lighting: G. H. Stickney. 
' Secretary of the Committee on Motor Vehicle Lighting: W. F. Little. 


: Local Representatives: 

G. O. Hodgson, Denver, Colo., Charles F. Scott, New Haven, Conn., 
J. Arnold Norcross, New Haven, Conn., R. E. Simpson, Hartford, Conn., 
R. B. Patterson, Washington, D. C., E. C. Crittenden, Washington, 
D. C., Charles A. Collier, Atlanta, Ga., W. R. Putnam, Boise, Idaho, 
H. B. Heyburn, Louisville, Ky., J. F. Murray, Springfield, Mass., Carl D. 
Knight, Worcester, Mass., Charles C. Monroe, Detroit, Mich., G. D. 
Shepardson, Minneapolis, Minn., Louis D. Moore, St. Louis, Mo., 
Frank C. Taylor, Rochester, N. Y., Harwood E. Mahan, Schenectady, 
N. Y., A. M. Wilson, Cincinnati, Ohio, W. E. Richards, Toledo, Ohio, 
F, H. Murphy, Portland, Oregon, F. A. Gallagher, Providence, R. I., 
J. M. Bryant, Austin, Texas, W. S. Rodman, Charlottesville, Va., Fred 
A. Osborn, Seattle, Wash., F. A. Vaughn, Milwaukee, Wis., L. V. Webber, 
|M ontreal, Canada. 


Official Representatives to other Organizations: 


United States National Committee of the International Commission on 
IMumination—Louis B. Marks and Preston S. Miller. 


erican Institute of Electrical Engineers Standards Committee—Clayton H. 
Sharp. 


verning Board of the American Association for the Advancement of Scitence— 
[Ernest F. Nichols and Clayton H. Sharp. 


yisory Committee, Engineering Division, National Research Council—Dugald 
'C. Jackson. 


iE. S. C. Sectional Committee, Building Exits Code—R. E. Simpson. 
i York State Committee on Places of Public Assembly—George H. Stickney. 


| 
! 
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CHARLES PROTEUS STEINMETZ 


By E,W. Ricu, Jr. 




























The sudden death of Doctor Steinmetz comes as a great shock to his friend# 
in the General Electric organization, including the directors, officers and ever: 
employe. He joined our ranks some thirty years ago and during all this tim 
has rendered services of the most conspicuous character and extraordinarn) 
value. He had a world wide reputation as a scientist, electrical engineer, autha 
and teacher. He was as well known in Europe, South America, Africa, Aus 
tralia and the Orient as here in his adopted America. Universally acknow 
edged as one of the world’s greatest scientists, he was, if possible, a greate 
teacher. He was the author of many scientific papers and of a large number ¢ 
electrical books which have long been the accepted standard text books i 
colleges, laboratories and workshops everywhere. He possessed marvelo 
insight into all scientific phenomena and unequalled ability to explain in simp!) 
language the most difficult and abstruse problems. Countless electricy 
engineers now occupying positions of great importance in our Company 2 
elsewhere in the world, will gladly give testimony of their debt to him. 
those who knew him mourn the loss not only of a great teacher and an inspirin 
personality, but of a cheerful and ever helpful friend. 





‘nl 
} | 


THE DEATH OF DR. STEINMETZ 


Charles P. Steinmetz, A. M. Ph. D., chief consulting engineer of th 
General Electric Company, and one of the world’s most famous enginee 
died suddenly at his home in Schenectady, N. Y., October 26, from acu 
dilatation of the heart following chronic myocarditis, a weakening of the hear 
muscles, of many years standing. 

Dr. Steinmetz left Schenectady the first of September intending to take# 
rest. He wanted to see the Pacific Coast, which he had never visited. Wot 
of his trip sped ahead of him, and requests that he speak at various plac 
immediately resulted. His speaking arrangements were carefully made, but : 
many wished to hear him that in trying to comply he overtaxed himse# 
That this was the cause of his death is not certain, however, owing to tl 
nature of his malady. 

He returned home September 13th and, an examination by his physicis| 
disclosing the fact that his heart action was unsteady, a complete rest ww 


I 












advised. During the first part of the week in which he died, his conditi 
seemed to be improving. He had been about the house and on Thursday nig) 
declared he was beginning to feel like himself again. The night before he di 
he was dressed and passed the evening in his library, discussing with his adopt 
son, J. LeRoy Hayden, and some friends, a scientific book, ‘“The Physics | 
the Air.”” He was bright and cheerful and remarked that he would soon be of} 
again and at work. He retired about 10:30, and awoke the following morn il 
in the best of spirits. He walked up and down the hall and announced to ti 
nurse that he was ready for breakfast. Mr. Hayden was with him for a f i 
minutes, chatting, before he went down to his own breakfast. As Mr. Haydii 
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CHARLES P. STEINMETZ 


1865-1923 
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it down stairs, he passed his son, ‘‘Billy’’ Hayden, who was on his way up- 
qs with Dr. Steinmetz’s breakfast. Calling to the latter, young Hayden 
Wbived no response, and immediately summoned his father. Physicians 
| ried to the Steinmetz home, but he was dead. 

}Word was immediately sent to the General Electric Works and the news 
Toad throughout the city, causing great sorrow, for, in addition to their 
| niration for his scientific attainments, his fellow citizens held him in high 
Hsonal esteem. Flags at the General Electric Works and in the city were 
‘-masted, the latter by order of the acting mayor. 








| harles Proteus Steinmetz was born April 9, 1865, at Breslau, Germany. 
4 ducated at the gymnasium (high school) and then at the University of 
i lau, where he studied mathematics and astronomy, then physics and 
Pmistry, and finally, for a short time, medicine and national economy. | 
i} nvolved in the social democratic agitation against the government, he 
Hiped to Switzerland in 1888, and there studied mechanical engineering at 
i Polytechnisum. 
1; n 1889 he immigrated to America, and found a position with the Osterheld 
| lichemeyer Manufacturing Company, first as draftsman, then as electrical 
ein and designer, and finally on research work in charge of the Hichemeyer 
oratory, in New York. 

ith the absorption of the Eickemeyer-Field interest by the General 
Ittric Company, Dr. Steinmetz joined the latter, was attached to Mr. 
. Parshall’s calculating department in Lynn, Mass. With the transfer of 
icompany’s headquarters to Schenectady in the spring of 1894, Dr. Stein- 
| iz organized and took charge of the calculation and design of the Company’s 
| aratus and of the research and development work. 
for a number of years Dr. Steinmetz was Professor of Electrical Engineering 
Union College, and at the present time is Professor of Electro-Physics at 
on University, at the same time retaining his connection with the General 
| ‘tric Company as chief consulting engineer, and about the year 1910 again 
red into closer relation with this company by organizing a consulting 
meering department under his charge. 
Some of the more important of his publications and articles are: 
A series of mathematical papers on Polydimentional involutory correspond- 








A series of investigations on the magnetic circuit and the law of hysteresis. 
A series of investigations on dielectric and electrostatic phenomena. 

A series of papers on ‘“The Design and Performance of Electrical Apparatus,”’ 
. as transformers, induction machines, synchronous machines, commutat- 
machines, etc.” 

A series of papers on “High Frequency Oscillations and Surges in Electric 
Fy ns.”? 

A series of papers on ‘‘Radiation, Light and Illumination,” 

\ series of papers on ‘‘Mechanical Thormodynamics and Steam Turbines.” 
“lost of his papers on electrical subjects are published in the Transac- 
8 of the A. E. E. E. 


Ses 
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The following books have been published by Dr. Steinmetz: A pop 
work on “‘Astronomy and Meteorology,” in the German Language, Ist editi¢ 
1889. 


“Theory and Calculation of Alternating Current Phenomena,” Ist editi ( 
1897, 5th edition 1916. i 
‘Theoretical Elements of Electrical Engineering,” Ist, edition 1901, 4¥ 
edition 1916. i 
“General Lectures on Electrical Engineering,” 1st edition 1908, 5th editi 
IQII. i 
“Theory and Calculation of Transient Electric Phenomena and Osei uh 


tions,”’ 1909, 3rd edition 1919. H 
‘Radiation, Light and Illumination,” 1st edition 1911, 2nd edition 1915 





“Electric Discharges, Waves and Impulses, ‘‘1st edition 1911, end editi 


Hy) 


1914. i 
“Electrical Engineering Mathematics,” 1st edition 1911, 2nd edition 191 
“Theory and Calculation of Electric Circuits,” 1917. i 
“Theory and Calculation of Electrical Apparatus,” 1917. 


In 1902, Dr. Steinmetz received the honorary A.M. degree from Haryah 
University, 1903 the honorary Ph.D. degree from Union College. i 


Dr. Steinmetz is Past-President of the National Association of Corporati(} 
Schools, Vice-President of the International Association of Municipal Elect} 
cians, Past-President of the American Institute of Electrical Engineers, hon¢ 
ary member of the National Electric Light Association, Past-President of t 
Illuminating Engineering Society, fellow of the American Association for t)} 
Advancement of Science, member of the (British) Institution of Electri¢ 
Engineers, member of the American Mathematical Society, the Quaterni 
Society, the Society of Mechanical Engineers, the Electrochemical Societ 
the Illuminating Engineering Society, and the Physical Society. | 


He was a President of the Common Council and twice President of t ' 
erates of Education of the City of Schenectady. ml 


? 


NEWS ITEMS 


it 


SECTIONAL COMMITTEE ON CODE OF LIGHTING FOR SCHO( 
BUILDINGS ! 


Sponsors: Illuminating Engineering Society and American Institute 
Architects. Chairman: L. B. Marks, 103 Park Avenue, New York, N. |. 
Secretary: W. F. Little, Electrical Testing Laboratories, 80th Street and Hf 
End Avenue, New York, N. Y. American Gas Assn.—R. H. Maurer; Amé 
can Institute of Architects— James O. Betelle, C. E. Dobbin, and 8. W. Jor 
American Institue of Electrical Engineers—C. E. Clewell, American Medill 
Assn. (Ophthalmological Section) Dr. Geo. 8. Crampton; American Pubii 
Health Association—Dr. R. W. Elliott; American School Hygiene Asstt 
Dr. T. D. Wood; American Society of Safety Engineers—Wm. Darlingt# 
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Eye Sight Conservation Council of America—J. E. Hannum; Illuminating 
Engineering Society—W. F. Little, L. B. Marks, and M. Luckiesh; National 
Association Public School Business Officials—James J. Maher; National 
Bureau of Casualty & Surety Underwriters—Thomas M. Nial; National Com- 
mittee for the Prevention of Blindness—Mrs. Winifred Hathaway; National 
Council of Schoolhouse Construction—Hubert Eicher; National Education 
Association—Frank I. Cooper; National Electric Light Association—Ward 
Harrison; National Safety Council—G. H. Stickney; U. S. Bureau of Educa- 
tion—Dr. Wm. T. Bawden; U. S. Bureau of Standards—Dr. M. G. Lloyd; 
U. S. Public Health Service—Dr. Taliaferro Clark; Women’s Bureau of the 
U. S. Department of Labor—Miss Mary N. Winslow. 


ILLUMINATION INDEX 


PREPARED BY THE COMMITTEE ON PROGRESS 


AN INDEX OF REFERENCES to books, papers, editorials, news and abstracts on illumi-j 
nating engineering and allied subjects. This index is arranged alphabetically according 
to the names of the reference publications. 
the date of publication. Important references not appearing herein should be called 
to the attention of the Illuminating Engineering Society, 29 W. 39th St., New York 


N.Y. 


Bulletin de la Societe Francaise 
des Electriciens 
L’Eclairage Artificiel des 
Studios 
Notes sur les effets physiol- 
ogiques et actiniques de la 
lumiere au mercure 


Central Station 
Better Lighting for Bowling Alleys 
Lighting the Big Fight 
Chemical Abstracts 
A standardized method of color 
measurement 
Color designation 
The influence of light on textile 
fibers 
The large-scale production of 
incandescent-lamp bulbs 
Luminous plants and similar 
materials 


Comptes Rendus 
De la superposition des forces 
electromotrices dans les piles 
a liquide fluorescent 
Fluoresence et photochimie 
Observations sur la fluorescence 
Electrical Merchandising 
High-intensity Lighting of a 
Clothing Store 


AUTHOR 


Herre Bossu 
Maurice Leblanc fils 
and Dr. Broca 


E. E. Anderson 


H. S. Busby 
E. G. Ludwig 


P. Waentig 
G. Gehlhoff 


E. O. Rosser 


M. A. Grumbach 
M. R.Levaillant 
Jean Perrin 
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The references are then given in order of 


DATE 


May 


June 


Sept. 
Sept. 


Aug. 20 
Sept. 10 
Sept. 10 
Sept. 20 


Sept. 20 


Aug. 6 
Aug 6 
Aug. 27 


Sept. 


















| 
| 






4 


i 





ILLUMINATION INDEX 
| 
trical News 
1A Model Lighting Job 
[Better Lighting of Streets and 
Highways Becoming an Absolute 
Necessity 
What to Look for in a Fixture 
Ornamental Lighting for Point 


|) Grey, B. C. 


trical Record 
Illuminated Cross in Memory of 
Late President Harding 
#Plan for Unification of Street 
Lighting Adopted by Lansing 
Lighting the Big Fight 
Suiting the Lighting Equipment 
tothe Atmosphere of the Scene A.S. Turner 
hart for Calculating Illumination 


Ictrical Review 
he Carbon Arc as a Standard of 
} Light N. A. Allen 
trical Times 
}Factory Lighting Designs 
improved Standard of Factory 
| Lighting 
it 
: ctrical Times 
4Good Lighting 


k lectric Lighting in Churches 


| INotes on Wiring (in France) 
Whe Tivoli Cinema 


| Country House Lighting 


WBtreet Lighting in Australia, 


| strical World 
| Lighting the Streets under 
Present-Day Conditions 
Increased Interest Shown in 
Street Lighting 
Wfrom 5 to 17 Foot-Candles E. L. Connell 
VExtension of Research to Com- 
mercial Problems 
Simplification in the Lamp Me 
Industry M. D. Cooper 
The Increasing Importance of 
) Light in Industry 
Illuminating Engineers Hold 
Big Meeting 











Sept. 
Sept. 
Sept. 


Sept. 


Sept. 


Sept. 
Sept. 


Sept. 


I 


le 
15 


15 


Sept. . 


Aug. 


Aug. 


Aug. 
Aug. 
Aug. 


Sept. 
Sept. 
Sept. 


Sept. 


Sept. 
Sept. 


Sept. 
Sept. 
Sept. 


Sept. 


23 
23 
13 
13 
13 


22 


22 


22 


29 


29 
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42 


44 


67 


61 


143 


145 
180 


181 
182 


238 


146 


130 


145 
180 
184 
261 
260 
272 


419 


428 
580 


575 
629 
639 


671 
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Electrician 
Lighting of Factories and Work 
shops Aug. 10 
Recent Developments in Lighting Aug. 17 
Illuminated Road Destination 
Signs Aug. 17 
A “Cold Light” Aug. 31 
Elektrotechnische Anzeiger 
Ist das elektrische Licht-teuer? L. Block Apr. 12 
Neuerungen an elektrischen Gluh- 
lampen Apr. 21 
Elektrotechnische Zeitschrift 
Anwendungen der Glimmlampe July 26 
Verhutung von Unfallen bei Lampen Aug. 2 


Gas und Wasserfach 
Gasbeleuchtung oder elektrische 
Beleuchtung der Eisenbahnper- 


sonenwagen Aug. 18 
Helios 
Das kunstlerische Element in 
der Beleuch tungstechnik H. Muller July 22 


Neue Ultraviolettbestrahlungs- 
apparate der Quarzlampen- 
Gesellschaft July 22 
Ultraviolette Strahlen und ihre 
medizinische Wirkung als kunst- 
liche Hohensonne L. J. Busse Aug. I2 


| Hotel Operation 
Importance of Proper Illumina- 
tion A. D. Bell July 7 


Illuminating Engineer 
Window Design and the Measure- 
ment and Predetermination of 
Daylight Illumination P. J. Waldram and 
J. M. Waldram Apr.-May 
Industrial Engineer 
A General Summary of Industrial 
Lighting Regulations G. H. Stickney Sept. 


Journal of American Institute of 
Electrical Engineers 
Lighting New York Subways and 
Elevated Cars Sept. 


The Art of Sealing Base Metals 
through Glass Wm. G. Housekeeper Sept. 


New Practises in Street Lighting Sept. 


ILLUMINATION INDEX 


rnal of Electricity 
Floodlights Bring out Beauty 
of Utah Cavern 


rnal of Experimental Zoology 

'Photic orientation in insects 
with special reference to the 
drone-fly, Eristalis tenax, 
and the robber-fly, Erax rufi- 
barbis 


trnal of Franklin Institute 
The Short-wave Radiation from 
Tungsten Filaments 


he Coloring and Thermophos- 
phorescence Produced in 
Transparent Minerals and 
Gems by Radium Radiation 


(On the Photographic Intensity 
of Flashlight Materials 


nal of Optical Society of America 
‘On Reflex Visual Sensations 
Demonstrating Color-Mixture 
!A Variable Aperture Rotating 
Sectored Disk 
(Direct-Reading Photoelectric 
Measurement of Spectral 
Transmission 


ht und Lampe 

‘(Neuere Ergebnisse aus der Theorie 
und Praxis der Spiezellampen 

[Deutsche Beleuchtungstechnische 
Gesellschaft 

umineszenzerscheinungen und ihre 

Beziehungen zur Technik 

Vorschriften fur die Beleuch- 
tung von Werkstatten, Fabrik- 
anlagen und anderen Arbeits- 
statten 

Uber Lumineszenz bei chemischen 
Reaktionen 


Ubersicht tiber die neuere Ent- 
wicklung der Gluhlampen und 
verwandten Fabrikate 


S. O. Mast 


M. Luckiesh, 
L. L. Holliday, 
A. H. Taylor 


S. C. Lind and 
D. C. Bardwell 


Emery Huse 


Frank Allen 
M. Luckiesh 
H. E. Ives 


K. 8. Gibson 


H. Joachim 


Fritz Schroter 


H. Zocher and 
H. Kautsky 


E. Oosterhuis 


Sept. 1 


Aug. 20 


Sept. 


Sept. 


Sept. 
Aug. 
Aug. 
Sept. 


Sept. 


July 19 


Aug. 2 


Aug. 2 


Aug. 16 


Aug. 16 


Aug. 16 


779 


173 


109 


353 


375 


391 
583 
657 
683 


693 


339 
357 


359 


382 


387 


387 
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Licht und Lampe 
Bedarf und Luxus Aug. 16 
Kino-Projektion mit Osram- 
Rohrenlampen L. Bloch Aug. 30 
Lighting Fixtures and Lighting 
Lighting in Elks Club, Cohoes Sept. 
The Lantern of Herculaneum Sept. 
Improves Stage Lighting Sept. 
Moving Picture World 
The Reflecting Are Aug. 25 
Nature 
The Trichromatic Theory of 
Colour Vision W. Peddie Aug. 4 
The Scattering of Light by 
Anisotropic Molecules C. V. Raman Aug. 4 
The Scattering of Light by 
Liquid and Solid Surfaces C. V. Raman Aug. 25 
Lichens and their Action on 
the Glass and Leadings of 
Church Windows Ethel Mellor Aug. 25 
Colour Vision and Colour 
Vision Theories W. Peddie Sept. 8 
Ophthalmic Year Book 
Rhythmic theory of vision A. Adler 1923 
Color Vision S. Garten 1923 
Physiologic theory of vision F. Palacios 1923 
Photometry of ultra-violet 
lights A. Passow 1923 
Pacific Marine Review 
Ship Lighting C. J. Campbell July 
Philosophical Magazine 
On the Colour of the Sea K. R. Ramanathan Sept. 
Physical Review 
Molecular Scattering of Light 
In Liquid Mixtures J.C. Kamesvara Rav July 
Color of the Sea Was. Shoulejkin July 


Physikalische Berichte 
Uber selektive Bezeugung im 
Dunkelfeld und farbige Dunkel- 
feldbeleuchtung M. Berek July 15 
La nozione di “‘baricentro lumi- 
nose’ e l’unite fotometrica 
campione Ugo Bordoni Aug. 15 
Eine Farbensinntheorie Hjalmar Ohrvall Aug. 15 
Physiological Abstracts 
Light Intensity Measurement by 
Means of Hydriodic Acid R. H. McCrea Aug. 





ILLUMINATION INDEX 


Der Einfluss des elektrischen 
Lichtes auf das Planzenwach- 
stum K. Tjebbes and 
J.C. T. Uphof 
Uber die Beceutung von Lichtin- 
tensitat und Wellenlange fur 
die Assimilation farbiger 
| Algen R. Harder 
"Proc. National Academy of Sciences 
I. A Theory of Color Production 
Julius Stieglitz 





II. Inorganic Compounds 


Proc. Royal Society of London, A 
A Flicker Type of Photo-elec- 

tric Photometer giving High 

Precision G. M. B. Dobson 
Measurements of the Sun’s Ultra- 

violet Radiation and its Absorption 

in the Earth’s Atmosphere G. M. B. Dobson 
The Photometric Matching Field L. C. Martin 


roc. Royal Society of London, B 
The Biological Action of Light. 
I. Influence of Temperature L. Hill and 
A. Eidenow 
Psychological Bulletin 
*Uber die Ursachen einiger Licht- 
erscheinungen und Lichtquellen 3B. Nakamura 


ublic Works 
The Lighting of City Streets 


ailway Electrical Engineer 
Car Lighting by Electricity 
Norfolk & Western Installs 
Lights in 15 Yards 
Theft-Proof Lamp 
Locomotive Headlight with Sealed 
Metal Reflector 


cience 
The Committee on Luminescence 
Ultramicroscopically Observable 
Fluorescence Francis E. Lloyd 


echnische Zeitschriftenschau 
Beleuchtung von Flugzeugen 
durch elektrische Schein- 
werter 





*Not previously reviewed. 


Aug. 


Aug. 


Sept. 


Sept. 1 


Sept. 1 
Sept. 


| 


Aug. I 


Sept. 
Sept. 


Sept. 


Sept. 
Sept. 


Sept. 


Sept. 21 


Sept. 21 


July 28 


781 


288 


288 


aes 


308 


248 


252 
302 


163 


493 
296 
260 


273 
288 


289 


229 


229 
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Der Lichtbogen zwischen Kohle ; 
und Metal Apr. 23 2 


Die Massen herstellung von Gluh- 
lampenkolben June 9 2 


Transactions of Illuminating Engineering Society 
New Developments in Art Gallery 


Tilumination G. T. Kirby and 
L. X. Champeau July 515 
Aesthetic and Utilitarian Values 
of Luminaires E. G. Perrot July 525 
Synopses of 1923 Convention 
Papers Sept. 569 
Electric Lights Advance Plant 


Blooming and Seed Time Sept. . 581 
The Year’s Progress in Illumina- 
tion—Report of Committee on 


Progress Sept. 583 
Lighting the Silk Industry with 
Incandescent Lamps W. H. Desaix Sept. 679 


Zeitschrift fur Instrumentenkunde 
Uber die Abhangigkeit der Hefner- 
lampe vom Luftdruck E. Liebenthal July 209 


Zeitschrift fur Physik 
Die spektrophotometrische 
Methode zur Untersuchung von 
Farbstoffen im Gewebe im 
durchgehenden Lichte N. Uspenski and 
G. Woronkoft July 30 112 
Zeitschrift fur Psychologie 
Experimentelle Untersuchungen 
uber die Anderung von Farben 
unter dem Einfluss von 
Gestalten William Fuchs July 249 


Zeitschrift fur wiss. Photographie, u. s. w. 
Beitrage zur Kenntnis der Ein- 
wirkung des Lichtes auf 
Bromsilber R. Stromberg July 165 
Versuche zur Anwendung strenger 
Selektrofilter bei spektral 
photometrischen Untersuch- 
ungen Adolf Hnatek July 177 





OFFICERS @ COUNCIL 


1923-24 


President 


CLARENCE L. Law, 
Irving Place and 15th Street, 
New York, N. Y. 

Term expires Sept. 30, 1924 


Junior Past-Presidents 


Gro. S. CrampToN, 
1819 Walnut Street, 
Philadelphia, Pa. 
Term expires Sept. 30, 1924 


Warp HarRIson, 
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ADVERTISEMENTS I 


The application of proper lighting equipment 
to secure a required lighting result! 


For Eye Comfort 


The nearest approach to daylight for eye 
efficiency and perfect eye comfort. 
The artistic luminaires developed 


in our studios produce X-Ray 
Engineered Eye Comfort Lighting. 


You are invited to visit our Studios and con- 
sult with us on your lighting problems. 


NATIONAL X-RAY REFLECTOR CO. 


The Clearing House for Lighting Ideas 
New York CHICAGO Los Angeles 
Engineers in all Principal Cities’ 


OLD TRANSACTIONS WANTED 


Vol. XV, 1920—Nos. 1, 4,5, 7, 8 and 9 
Vol. XVI, 1921—Nos. 2, 3, 7, 8 and 9 
Vol. XVII, 1922—Nos. 5, 8, 9 and 10 
Vol. XVIII, 1923—Nos. 1, 3, and 4 


Advise the General Office of Issues for sale and prices will be quoted. 


OFFPRINT ORDERS 


In order to minimize the expense of holding type, the printer 
has been instructed to throw the pages of the TRANSACTIONS 
shortly after publication. Authors wishing to secure offprints at 
the minimum rate should notify the General Office in advance. 
For offprints ordered after publication in the TRANSACTIONS a 
a higher fee must be charged. 

COMMITTEE ON EDITING AND PUBLICATION 
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ADVERTISEMENTS 


The beauty, 
Practicability 
and Economy 


of modern gas lighting are expressed 
to their fullest degree in Welsbach 
Semi-Indirect Lighting Fixtures. 
Numbered among these are styles 
and designs for practically every 
single-unit lighting need. 


Melsbach,, 


No 1842 LIGHTING 


A beautiful example of 


“iwi FIXTURES 


Welsbach Semi-Indirect Lighting Fixtures are the develop- 
ment of a company that has devoted its life to the manufacture 
of gas appliances that meet the highest ideal. The greatest possi- 
ble skill and care and the finest grade of material are employed 
in every case. 


Welsbach Semi-Indirect Lighting Fixtures possess many 
exclusive advantages. One of their outstanding features is a 
metal hood placed above the mantles. This hood directs out- 
ward and dissipates the products of combustion, preventing dis- 
coloration of the metal work and ceiling. 


A set of booklets describing the various styles 
of Welsbach Fixtures, will be sent upon request 


WELSBACH COMPANY 
Gloucester, N. J. 


Member American Gas Association 
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Market Street, look- 
ing toward’ Ferry 
Building, San Fran- 
cisco. Intensively 
lighted by 6.6 amp. 
G-E Ornamental 
Luminous Are 
Lamps. 


Outdoor Lighting 
Aids Civic Development 
Section of highway near 


Detroit, Mich., equipped Good street and highway lighting is a generous 

fe ee highway contributor to civic improvement. 
Well-lighted streets are a continuous stimulus 
to business and social activities and have an 
important bearing on community growth. 
Highway lighting affords greater safety and 
convenience to the public and encourages 
inter-communication of communities and 
extension and growth of suburbs. 


Many public utilities recognize these facts and 
find that by providing adequate street lighting 
they are using one of the most effective 
methods for securing and retaining public 
confidence and good-will. Well-lighted streets 
also reflect credit on the city administration. 


To provide efficient equipment and to aid in 
developing comprehensive plans to meet 


General Electric various conditions, specialists of the General 
Company Electric Company are at the disposal of 
Schenectady, N. Y. municipalitics, engineers and central stations. 


GENERAL ELECTRIC 


35C-111D 
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ADVERTISEMENTS 


Convincing Evidence That 
Good Lighting Pays 


X JHEREVER investigations have been made, better lighting 
has never failed to show production increases out of all 
proportion to the additional cost involved. 


Results of Nine Tests Which Establish The 
Dollars and Cents Value of Good Lighting 


Average Average Increase in Additional 
oot- oot- Production Lighting 
Candles Candles with Cost in % 
with Old with New New of 
Shop System System System Payroll 


(a) Pulley Finishing . . . 0.2 4.8 35 % 
(b) Soft Metal Bearing . . 4.6 72.7 15 % 
(c) Heavy Steel Machine . 3 © 11.5 10 % 
(d) Carbureter Assembly . . 2.1 12.3 12 % 
(e) Jute Spinning . 2... 15 9.0 17 UG 
(f) Plant Mfg. Elec. Gas . . 0.7 13.5 12.27, 
and Sad Irons . . . (4.0 at tool point) 
(g) Semi-Automatic Buffing 
Brass Shell Sockets . . 3.8 11.4 8.5% 
(h) Mfg. Piston Rings. . . 1.2 18.0 25.8% 
(i) Letter Separating . . . 3.6 8.0 4.4% 


Average’) 5.7 Ss 2.3 Tt.2 15.5% 


Tests at Tests Conducted by 
(a) Pyott Foundry Co. . . . . . Commonwealth Edison Company 
(b) Foote Bros. . . . . . ~. «. Commonwealth Edison Company 
(c) Lee Loader & Body Co. . . . Commonwealth Edison Company 
(d) Stromberg Carbureter . . . Commonwealth Edison Company 
(e) Dolphin Jute Mills . . . . Edison Lamp Works 
(f) Dover Mfg.Co. . . . . . National Lamp Works 
(g) General Electric Co. . . . . General Electric Co. 
(h) Detroit Piston Ring Co. . . Detroit Edison Company 
(i) U.S. Post Office Dept. . . . U.S. Public Health Service 


A summary of nine such separate investigations showed an 
average production increase of 15.5% when the illumination 
was raised from an average of 2.3 foot-candles to an average of 
11.2 foot-candles. ‘The additional lighting cost averaged 1.9% 
of the payroll. 


This group of tests in widely separated industries firmly estab- 
lishes the fact that, in addition to its obvious other advantages, 
good lighting has a definite and tangible production value 
which can be expressed in terms of dollars and cents. 


NATIONAL LAMP WORKS 


of General Electric Company 
Nela Park - - - = = #£Cleveland 
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N ADDITION to being “easy to wire, 


Fixtures have many features that 
have popularized them as the ideal type 
of industrial lighting equipment. 


Water - proof, non-corrosive, protected 
from accidental short circuit, reflector 
securely and correctly seated, easily 
cleaned, and interchangeable units are 
some of the outstanding advantages 
of Westinghouse Reflector-Socket- 
Fixtures. 


“Is our wiring adequate?” is a question 
that you should first put to yourself and 
then ask a Westinghouse Interior Light- 
ing Engineer. 


Literature describing the advantages of 
better lighting will be sent if you 
write to— 


Westinghonse Electric & Manufacturing Company 
George Cutter Works South Bend, Ind. 





Westinghouse Reflector - Socket -& 









Westinghouse Reflector- 
Socket with Standard 
RLM Dome Reflector 


Westinghouse 


VI ADVERTISEMENTS 





Apparatus for Calibration and Adjustment of Portable Photometers 


Instrument Calibration 


Some manufacturers send new or special types of 
apparatus for final check to safeguard the accuracy of 
their own standardizing laboratories—for others the whole 
output is checked as a matter of routine. 


The illustration shows a special test apparatus for the 
checking of portable Photometers—AIl such photometers 
which are manufactured by Foote, Pierson & Company, 
Inc., and Leeds & Northrup Company are checked here 
before being shipped to the customer. 


Electrical Testing Laboratories 
80th Street and East End Ave., New York, N. Y. 


ADVERTISEMENTS 


The Transactions 


and other publications are a con- 
siderable part of our business. 


Commercial Work 


such as office forms, catalogs, 
folders, and similar special 
material, however, are as impor- 
tant to us as periodicals. 


We should like to figure 


with you on your next list of 
printing. 


Personal Attention Economical Service 


Cornell Publications 
Printing Company 


ITHACA, NEW YORK 
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|Are Present Standards of 
. Industrial Lighting Efficient? 


‘JT TIS TRUE that any illuminating engineer can point out several 








BE lighting installations in factories where the illumination can be 
fairly said to be not only well planned but adequate, according to 
our present judgment. Nevertheless taking plant by plant and 
jjudging each plant as a whole rather than by the best in each 
plant, it becomes apparent that there is much to be done before 
lighting can be called satisfactory. In the same factory or in 
ladjoining buildings there usually can be found one or several 
Miserable examples for ready contrast. 

The physical laws governing light and illumination were quite 
ladequately set down many years ago. It must be confessed, how- 
er that in spite of dozens of volumes and hundreds of articles in 
ithe technical press, the practical application of the principles of 
vision, such as the effect of different qualities and quantities of 
illumination upon sight and upon the comfort and health and sus- 
| tained efficiency in production have not been so clearly understood 
or emphasized even by those engaged in the sale of lamps and 
llighting equipment. 

In recent years the scientific group have seemed to have taken 
jan increased interest in the practical problems of lighting, and we 
Ihave seen as a result papers from them in the TRANSACTIONS of the 
\Society with a special usefulness from the view point of practice. 
Then the practical experimenters in shops: have been applying a 
greater care in their studies of the effects of different systems of 


\ 





783 


784 TRANSACTIONS I. E. S.. NOVEMBER, 1923 



























lighting under conditions of actual production. There is becoming 
available, therefore, an increasing fund of solid information as 





against speculation and snap judgment to guide practice. 


And it would seem that the most important facts that have 
been developed are of apparently a rather simple and obvious 
character. 

For instance, it is not hard to believe and seems to be sub- 
stantiated, that for all around purposes, industrial illuminationk 
roughly approximating natural daylight in color combines the 
largest advantages in quickness and accuracy of sight and sustained 
comfortable vision, while conducing to a cheerful atmosphere. 
Other colors have advantages for special purposes no doubt, butt 


special experiments to the broadest run of conditions. 


Next, light to man is a great deal like air—there can hardly belt 
too much of it unless applied in a violent or unnatural manner. 
There has been so much of confusion of glare with quantity of illum- 
ination, many have observed bare glaring lamps and have con- 
cluded that the quantity of light must be kept low to avoid dis- 
comfort or even injury. Practically it appears that there is no limit! 
other than cost to the quantity of light. that is useful in industry. 

It is to be noted that with higher levels a certain amount of care 
to diffuse the light reasonably becomes the more essential. Buti 
also where the higher levels can be obtained less need is felt fo 
special arrangements of the lighting equipment. 


Predictions are venturesome but there seems good reason toi 





believe that in the next decade installations providing well diffusedi 
illumination of the order of 25 or 30 foot-candles will become ask 
common as ro foot-candles are today. No illumination produce 
tion efficiency tests yet conducted have been carried to a level sot 
high that the added cost of light has overbalanced the gain int 
production efficiency. Is this not something for thought? 


Hart A. ANDERSON 





REFLECTIONS 


When Daylight Costs More Than Artificial Light 


a IMAGINATION one needs to look backward only a century 
to reach a period of inadequate artificial light from candles and 
other feeble flames, when light cost fifty times more than it does 
now. During that century development gradually gained momen- 
tum until within the last score of years the possibilities of artificial | 
light have increased so rapidly that the general public has not been 
able to keep pace with them. Proper and adequate lighting is just 
as essential to human progress as clean and sufficient air. The 
public has a pretty full appreciation of the hygienic value of fresh 
air. The airtight bedchambers of a century ago have given way to 
ventilated rooms, but the old attitude toward lighting— a most 
natural inheritance of centuries of costly and inadequate artificial 
light—persists far too tenaciously. This attitude cannot be changed 
too soon in the interests of greater production, greater safety, 
greater efficiency and greater progress. Human eyes are the prod- 
uct of countless centuries of adaptation to daylight intensities which 
are more than a thousand times greater than artificial lighting 
intensities generally but erroneously considered sufficient. The 
psycho-physiological laws of vision are proof of this, and they are 
well supported by the results from installations of good lighting. 


There is another interesting argument to be derived from recent- 
ly published investigations (by M. Luckiesh and L. L. Holladay) 
on the cost of daylight. Daylight is free outdoors when it is avail- 
able at all. By coming indoors mankind created conditions which 
not only decreased the intensity available for indoor activities but 
removed daylight from the free list. These investigations have 
shown that by charging to daylight the additional cost of window 
and skylights, their maintenance, the additional heat losses, etc., nat- 
ural lighting costs as much as and in many cases more than good 
artificial lighting. Owing to the growing complexity of our econom- 
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ic life such investigations cannot be ignored. ‘The results are | 
bound to have their influence on building in congested districts | 
and perhaps on others. | 

However, without entering into a discussion of the economic | 
phases, the central-station company and others interested in 
lighting progress should find much use for the knowledge that day- 
light indoors costs as much as artificial lighting. In order that the | 
people shall enjoy proper and adequate lighting they must be 
relieved of the inhibiting attitude that artificial light is costly. 
That it is a very inexpensive necessity, or that its cost is insignifi- 
cant as compared with its benefits, can be proved by actual data. 
But oftentimes an indirect argument is more effective. The simple 
statement that daylight in homes, offices and factories costs as 
much as proper and adequate artificial lighting, and sometimes 
more, is startling, true and convincing—three excellent character- 
istics for statements made for an educational purpose—Editorial, 
Electrical World, Nov. 8, 1923. | 











Incandescent Lamps Forty-four Years Old 


HE incandescent electric lamp has just celebrated its 44th 

birthday. On October 21, 1879, the first carbon filament lamp 
was perfected by Edison in his little Menlo Park laboratory, but 
three years later, when the first electric central station in the world 
was started in New York City, there were not enough electric 
lamps in the world to light a modern office building. 

In 1881, when the commercial manufacture of lamps was 
begun, 30,000 were produced. Last year the total, for the United 
States alone, was more than 500 million. 

Research, experiment and improved manufacturing methods 
have worked, with decreasing prices of current, to bring the cost of | 
electric light to the consumer to a point lower than it has ever been 
before. 

With the use of tungsten filaments in 1907, there began an) 
improvement in electric lamps that has continued, until the 40-watt 
lamp of to-day is more than eight times as efficient as the 40-watt | 
lamp of 1907. In 1922 approximately $500,000,000 were spent for | 
electric light. To produce the same amount of light in 1880 would 
have cost $3,500,000,000. 


PAPERS 


THE RELATION OF ILLUMINATION TO PRODUCTION* 
















BY D. P. HESS** and WARD HARRISON *** 


SYNOPSIS: This paper is a report of extensive tests on the time required for the inspection 
of parts of roller bearings under various levels of illumination from 5 to 20 foot-candles. Over 
7,000,000 separate pieces of material were inspected during the test period. The types of 
\lighting employed as well as the illumination levels were found to have an important bearing 
:on the output of the department. Cost data on the lighting and the value of increased produc- 
{tion are included in the paper. 


OBJECT 


This test. was conducted in an effort to establish what relation- 
iship, if any, exists between illumination and production in a roller 
lbearing plant. | 


DESCRIPTION OF TEST DEPARTMENT 


About fifteen per cent of all those employed in the plant are 
inspectors and the section chosen for the test was known as the 
iGreen Inspection Department. The nature of the work in this 
Department consisted of inspecting the material in the green, 1.e. 
ijust as it was turned out by the automatic screw machines and be- 
fore heat treating. The material inspected as illustrated in Figure 
it consisted of various sizes of cups, cones and threaded cones, which 
fare separate parts of a roller bearing. 

| The work is carried on in three stages, the first group of inspec- 
tors gauge the material for diameter and depth, the second inspect 
for defects such as chatter, tool marks, ingot breaks, thin ribs, and 
bad champfer, and the third group for imperfections in the thread 
on the inside of the cones, bad mill, bad champfer, and inadequate 
burnishing. Some of the work such as the inspection of threaded 
*A Paper presented before the Annual Convention of the Illuminating Engineering 
Society, Lake George, N. Y., September 24-28, 1923. 

**V[anager of Columbus Plant of The Timken Roller Bearing Company, Columbus, Ohio. 
***T]luminating Engineer, National Lamp Works of G. E. Co., Cleveland, Ohio. 


The Illuminating Engineering Society is not responsible for the statements or opinions 
dvanced by contributors. 
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cones, ingot breaks and chatter marks require close visual inspec- 
tion, while in some of the gauging, which is done by means of in- 
dicating and limit gauges, as illustrated in Figure 2 and 3, relatively 
little is required of the eyes. 

The personnel of this Department at the time the test was be- 
gun consisted of a foreman, clerk, and 38 inspectors. This number 
varied each week, the average number of inspectors during the 
test being forty-four. Table I shows the weekly change in 
personnel of the Department during the entire test. 





TABLE I. 
Feb. Feb. Mar. Mar. Mar. Mar. Mar. Apr: Apr. Apr. 
16-21 22-28 1-7 8-14 16-21 22-28 29-Apr.4 6-11 12-18 19-26 | 
Total 
Inspectors B81) Be 8) eS me AS Si) 
New Inspectors 
Hired 8 2 7 7 I 6 5 4 6 I 


Inspectors’ 
Services 
Discontinued 2 12 7 Z| 2 5 2 4 6 6 


LIGHTING SYSTEM 


The area occupied by the Green Inspection Department has 
dimensions of approximately 30 by 60 feet and is located near one 
corner of a large one story building covering about 6 acres. Fig-+ 
ure 4. 

The lighting system in this Department at the beginning of the: 
test consisted of six outlets, four of which were equipped with 200- 
watt clear lamps, and two with 150-watt clear lamps. The sixi 
lamps were equipped with enameled-steel reflectors and gave ani 
average illumination of about 2 foot-candles. The distribution ofl 
light, however, due to wide and a spacing of the units, was? 





















produced by this system. 

The Department is so located that it receives daylight tom 
windows at a distance on one side and from skylights located in the! 
saw tooth roof construction. During the greater portion of the time: 
during the first two weeks of the test, the above mentioned lighting: 
system was used as a supplement to the natural daylight. The re-/ 
sulting average illumination in the test section for this period wast 
approximately s5 foot-candles. 





Fic. 1.—Various Types of Material Inspected 





Fic. 2.—Indicating Gauge 





Fig. 3.—Taper Gauges 
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Fic. 4.—Sectional View of Green Inspection Department 





Fig. 5.—Original Lighting System in Green Inspection Department 
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| The new lighting system, Figure 6, consisted of 28 Glassteel 
Diffusers located on 8 by 10 foot-centers and mounted 12 feet from 
the floor. This type of lighting unit, Figure 7, has an enclosing 
blobe that entirely surrounds the lamp producing an even distribu- 
‘ion of light with soft shadows, and a noticeable absence of objec- 
fionable specular reflection. The lighting effect obtained by the 
hhbove mentioned system is shown in Figure 8. 

| In an effort to maintain the levels of illumination as uniform 
hs possible under this system, the skylights in the saw-tooth roof 
jvere blackened. 


PROCEDURE 







| The test was planned to include investigations of the old sys- 
fem, a 6 foot-candle system, a 13 foot-candle system, and a 20 
loot-candle system. The test weeks in each case were begun on a 
|(hursday and ended on a Wednesday, continuing for a period of 
fen weeks. Due to the advancing season and much stronger day- — 
jight it was found impossible to return to the original s foot-candle 
jystem obtained from the unobstructed skylight and 6 incandescent 
lamps. Table II gives the order of tests. 





| TABLE II. 

| Old Lighting New Lighting New Lighting New Lighting 
| Week 5.0 Foot-Candles 6.0 Foot-Candles 13.0 Foot-Candles 20.0 Foot-Candles 
feb 15-21 x 

‘eb: 22-28 pi 

ar. 1-7 x 

\Mar. 8-14 D. 

Mar, 15-21 x 

far. 22-28 x 

Mar. 29-Apr. 4 , x 
pr. 5-11 x 

pr. 12-18 x 
pl. 19-25 x 


| Records were available in the Green Inspection Department 
hich showed the number of pieces inspected per day with the 
otal number of actual inspection hours. Often, especially in the 
ase of overtime, an inspector is called upon to do general work in 
ine department, such as moving containers and cleaning up. In 
jaat event, his time is not shown on the inspectors’ records, but 
jnly on the time cards. If an experienced inspector is requested to 
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instruct a new worker, the experienced inspector’s time does not ; 
appear in the inspection records. All employees in this Depart- 
ment are paid on an hourly basis. 


















The question has often been raised as to whether atmospheric : 
conditions materially affect the output of factory workers. In anW 
effort to obtain data on this point wet and dry bulb thermometer 
readings were taken four times a day at the test area and from these | 
the relative humidity calculated. The daily weather bureau record | 
showing the per cent sunshine, exterior temperature, and amount of | 
precipitation was also tabulated. 


RESULTS 


Table III and Figure 9 show the per cent of sunshine, average) 

weekly relative humidity and average weekly interior temperature ! 
It will be noted that the tests were run at a season of the year whe il 
artificial heat was necessary and as a result both the interior tem- 
perature and the humidity were fairly constant. There was a 
considerable variation in per cent of sunshine for the several weal 
but the variation apparently did not influence the production. 








TABLE III. 

: Percent Relative Interior 
Week Sunshine Humidity Temperaturiy 
Feb. 15-21 63.0 _— — 
Feb. 22-28 22.0 — a | 
Mar. 1-7 61.0 66.4 74.8 || 
Mar. 8-14 69.0 63.8 72.0 || 
Mar. 15-21 58.6 66.5 71is 
Mar. 22-28 47.0 68 .6 72.3 || 
Mar. 29-Apr. 4 62.0 71.0 71.6 || 
Apr. 5-II 76.0 70.3 72.0 
Apr. 12-18 52.0 68 .3 72.4 || 
Apr. 19-25 90.0 65.5 72.7.\I 


Table IV shows the total number of pieces inspected and th 
number of actual inspection hours for the Department during eac 
of the ten weeks of the test. The total number of pieces inspectel 


Was 7,313,323. 
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Fic. 6.—— Outlet for a Mazda C lamp fitted with a Glassteel Diffuser located 


12 feet above the floor. 





Fia. 7.—Glasstee! Diffuser 
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Fic. 8.—New Lighting System in Green Inspection Department 
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TABLE IV. 


Total 
Pieces 
Inspected 


684,164 
581,709 
681,621 
708,559 
739,627 
735,316 
763,762 
809,631 
842,138 
766,796 
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Total 


Inspection 


Hours 
1,644 
1,449 
1,476 
1,620 
1,778 
1,698 
1,737 
1,866 
1,783 
1,700 
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Average Pieces 


Inspected.per 


Person per Hour 


415 
400 
462 
437 
415 
432 
440 
434 
472 
451 


Table V shows the average of all weeks under the same lighting 
system with the percentage increase in production. 


TABLE V. 


Average Pieces Inspected 


Candles per Person per Hour Increase 
20.0 458 12.5% 
13.0 440 8.0% 
6.0 424 4.0% 
5.0 (Old System) 407 0.0% 
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PRoDucTioN For Consecutive Weeks UNDER. 
Various LicgHTiING Systems 
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INCREASE. IN PeropuctTioN 
UNDER EacH LIGHTING SYSTEM 
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These results are also shown graphically on Figures 10, 11 and | 


12. Figure 10 also shows the daily rate of production for the entire _ 
period. The tests furnish apparently conclusive proof that for the 


class of work carried on in the Green Inspection Department the 
production is materially affected by the character of illumination 
supplied. It will be noted that a well designed system of illumina- 
tion, giving approximately 6 foot-candles with a minimum of glare 
and objectionable specular reflection, results in an increase of 4 
per cent in production over that obtained under a faulty system 
which gave about the same average foot-candles. Likewise, an in- 
crease in illumination from 6 foot-candles to 13 foot-candles with a 
well designed system results in a further 4 per cent increase in 
production. Increasing the illumination from 13 foot-candles to 
20 foot-candles results in an additional 4.5 per cent increase, or 
comparing the 20 foot-candle system with the one originally in use 
a 12.5 per cent increase in production is found. 
ECONOMICS 

The current consumed with.the 20 foot-candle system amounts 
to 8.4 kilowatts which at a rate of $0.03 per kilowatt hour results in 
a cost of $0.25 per hour for current to which should be added ap- 
proximately $0.07 for lamp renewals and other charges making a 
total cost of $0.32 per hour. With the old s foot-candle lighting 
system about half of which was daylight, the cost for current and 
lamp renewals was $0.04 per hour. The inspectors receive an 
average wage rate of approximately $0.30 per hour or for 44 people 
a total of $13.20 per hour. A 12.5 per cent in production means, 
therefore, a saving of $1.47 per hour in labor which is five times the 
added cost of the lighting. To put the matter in another way, the 
new lighting increased the production 12.5 per cent at a cost of less 
than 2.5 per cent of the payroll. 

The authors desire to express their appreciation of the valuable 
services rendered by Mr. C. M. Snyder in the conduct of the tests 
which have been described. 


DISCUSSION 
GrorGE AINSwoRTH: Might I ask if the inspectors knew at 
about which level the iJumination was maintained during the 
different periods of inspection, if they knew whether they were 
working under, say, a quarter or a half or twice as much light? Or 
were they kept in ignorance of these changes? 
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C. M. Snyper: The inspectors did not know a test was being 
conducted. They, of course, could tell the illumination was lower, 
but they did not know that the lamp sizes were actually being 
changed. Some of them were under the impression that the light- 
ing equipment was being tested, and a few thought that the lamps 
were being dimmed and made brighter by means of rheostats. 

Jutius Danieus: I would like to ask the speaker which 
system they decided to install. 

C. M. Snyper: The 20 foot-candle system is installed at 
present. — 

CHARLES GaALLo: I would like to ask when inspecting tool- 

marks, thin ribs, etc., whether there was any advantage in using 
that steel-glass diffuser over bowl enameled Mazda C lamps. 
It would seem that too much diffused light, for examining 
‘such tool-marks, would tend to obliterate the tool-mark instead of 
making it more prominent, and in that way hinder fast inspection; 
and, that if there were more directed light, that is, not so great a 
diffusion, more rapid inspection could possibly be obtained. 

C. M. Snyper: We found that the Glassteel Diffuser gave a 
very satisfactory illumination for this type of work. If the light is 
so bright that specular reflection results, it is impossible for the 
inspectors to see the tool marks or other imperfections due to the 
amount of light that is thrown back from the material into their 
eyes. The Glassteel Diffuser gives a very soft, diffused light and 
still shows up these imperfections very plainly. 

THoomas G. Warp: I would like to ask Mr. Snyder if the 
worth of the production—the increase in production—was figured 
in comparison, instead of the wage per hour. The $1.47 per hour 
Saving is a very minor consideration in comparison to the increase 
in production—the worth of the increase in production. 

C. M. Snyper: I do not believe I understand your question. 

THomas G. Warp: You get above a standard cost on produc- 
tion. Is the increase in production worth more than the compari- 
{son between the saving of labor and the cost of light? 

C. M. Snyper: This is figured on the average wage rate of 
the inspectors per hour. 

C. A. ATHERTON: I assume from the figures that the employees 
in the portion of the factory tested are all day or hour workers. I 
wonder if similar tests have ever been conducted in factories in 
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which piece-workers are employed. In this case, there would be the | 
added incentive to work as fast as possible independent of the} 
illumination. I wonder whether the same general order of increase | 
in work accomplished might be expected from increased illumina- 
tion under conditions in which the workers already had an incentive § 
to work as fast as possible.”’ | 

C.M. Snyper: There have been various tests of that descrip- 
tion including piece workers and the regular scale. Although there: 
was some overtime taken into consideration here, the results are 
calculated on an hourly basis. 


























Davis H. Tuck: Mr. Gallo brought up a point a minute agot 
that I had in mind to bring up and that is the specular from such) 
pieces as this one (indicating) and this one (indicating). Under} 
diffused lighting, you can’t pick out imperfections on such specular 
surfaces as you could if you had some specular reflection, and If 
believe that in Classes 2 and 3 perhaps the increase in production} 
could be further raised if they had specular reflection. | 

Furthermore, I thinkin TableI Von Page 791 if the amount of 
rejects had been tabulated, it would tend to increase the production 
shown, because if you pick out some bad pieces you look at them as 
little longer before you throw them away, and under good illumina- 
tion there would be more rejects. In such a case, there would beg 


more rejects and I think the increase in production would be af 
good deal higher than twelve and a half per cent. 











G. H. Stickney: In connection with this question of lighting: 
specular surfaces for inspection, my experience indicates strongly 
in favor of diffusing light sources. It is, of course, impracticable tof 
illuminate such a surface. If, however, a light source of low, uni-4 
form brilliancy is reflected by the surface, scratches, cracks and 
distortions show up quite conspicuously. | 





It is a well established practice, for inspectors use the reflection#] 
of the sky in this way, and a lamp with proper diffusing equipment} 
can easily be made to act as a miniature sky. Ifa lamp filament ori 
other source of uneven brilliancy is so reflected, the contrasts con: 
ceal the irregularities of the surface. 

I have verified this experience in the inspection of glossy disess 
for electric meters, rollers for bearings, glass, glossy rubber, etc. 
In the roller bearing factory, they had experimented for several 


during the test. 
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months with exposed filament equipments, without any success. 
The diffused light scheme at one-fourth the wattage, worked from 
the start. 


It is, of course, necessary to have the position of the lamp with 
regard to the operator and work such as to facilitate reflection to 
the eyes of the operator, that is, the lamp should be above and 
beyond the work. 


J.C. Fisner: If I understood Mr. Snyder correctly, the sky- 
light was blackened during the test and artificial light used entirely. 
Whether or not that is true I would like to know what the estimated 
increase in production would be if the daylight were used as far as 
possible and simply supplemented with the artificial lighting. In 
other words, I presume the artificial lighting would be used only a 
part of the total time and therefore there would be quite a fall-off 
in that percentage increase in production due solely to the artificial 
light. 


I would like to know approximately what that would amount 
to, because that is a question often raised by people who have a so-_ 
called daylight factory in which they object to spending a great 
deal for an increased lighting installation on that ground. 


C. M. Snyper: Figure 4 shows that a considerable 
amount of actual daylight was present on the inspection tables 
from the wall windows, although the skylights were blackened 


I think you will find that the season of the year makes a great 


deal of difference in the amount of daylight present. This test was 


run during the winter months, therefore, the percent of sunshine 
was appreciably lower. 


I regret to say that I do not have any exact figures available 
at the present time as to the percentage increase or decrease that 
there would be if daylight were used in conjunction with the arti- 
ficial light. 


Warp Harrison: There are one or two sidelights on this test 
which are also quite interesting. First, we tried to determine, if 
possible, if outside conditions such as sunshine, or the lack of It, 


‘high temperatures or low temperatures, had anything to do with 
{how much the operator felt like working, or how much they accom- 


798 TRANSACTIONS I. E. S.. NOVEMBER, 10923 


plished. It seems to be definitely established, as far as this test is 
concerned, that such outside conditions had no appreciable effect 
upon production. ! 

One reason that the enclosing fixtures were chosen as a stand- 
ard for this test was that the size of lamp could be changed without 
the operators necessarily being aware of it. They knew that some 
test on fixtures was being conducted, but few, if any of them, sus- 
pected that the amount of work which they turned out was the 
factor to be determined. Incidentally they did complain bitterly 
when the illumination was reduced to 6 foot-candles, although they 
had been able to get along fairly well before under the old, 5 foot- 
candle system. | 

Mr Ward brought out the point that direct labor is only one of 
the items in factory production which may be affected by the light- 
ing; another is the quality of the product turned out. We could 
scarcely get any figures on this, however, from the department under 
test, since their job is looking for defects in the work of others; if 
they reject 2.4 per cent one day, and 1.7 per cent the next, it is 
impossible to tell whether the high rejections in the first case is due 
to their ability to see better or that a more defective product was 
being inspected. ; 

As to the amount of daylight; in February every bit of avail- | 
able light was utilized, that is, all the old artificial lighting was | 
turned on and all the daylight they could get was allowed to enter, | 
yet the sum of the two averaged throughout the day was only 5} 
foot-candles. Accordingly the Timken Roller Bearing Co., was 
interested particularly in securing a lighting system which would | 
carry them through the winter months of December, January, and | 
February,—when the daylight itself does not average more than| 
three or four foot-candles. 

James E. Ives: (Communicated) This paper is an impor- 
tant contribution to the problem of the relation of production to 
illumination. Although this subject is of the greatest interest to 
business men and engineers, very little definite information on it 
exists at the present time. 

The office of the Industrial Hygiene and Sanitation of the U.| 
S. Public Health Service is particularly interesting in this paper onj} 
account of the investigation recently carried on by it on the same 
problem, in the New York City Hall Post Office. We found al 



















ILLUMINATION PRODUCTION TEST 799 
marked increase in speed of working, among the letter separators, 
when the illumination was raised from 2.8, successively, to 3.6, 
8.0 and 14.0 foot-candles. The workers used in the test were 
divided into three groups, according as their vision without glasses 
was good, medium or poor. The percentage increase in speed of 
working varied somewhat with the group, being greater for the 
poor vision groups than for the good vision group. The intensity 
of illumination giving maximum speed, also differed for the differ- 
ent groups, the poor vision group reaching its greatest speed under 
the highest illumination, and the other two groups under 8.0 foot- 
candles. On reducing the illumination, however, to its original 
value of 2.8 foot-candles we found that the production did not 
return to its original value but to a value considerably above it. 
The same phenomenon was noted recently in an experiment in 
England on the relation of illumination to coal production. When 
a coal miner used an ordinary lamp the production was 2.47 tons; 
with a lamp six times as bright, it was 2.83 tons, an increase of 
14.6 per cent. When the miner returned to the use of the ordinary 
lamp, the production did not return to its original value but still 
remained 5.4 per cent above it. 


This failure to return to the original speed of working, or of 
production, when the illumination is returned to its original value 
makes the interpretation of the result rather difficult, and it is felt 
by us that before the results obtained by us can be completely 
understood it will be necessary to find an explanation of this 
peculiar phenomenon. Another question that naturally presents 
itself is: ‘‘Will the increased speed obtained under increased 
illumination be maintained, or disappear, in part or in whole, as the 
time goes on?” It is natural to expect that some of it at least will 
be maintained, but we feel that it will be necessary to make further 
tests to establish the facts. The tests recently carried on by the 
Detroit Piston Ring Company would seem to indicate that the 
increased speed is maintained. In connection with the tests made 
by Mr. Hess and Mr. Harrison the same question presents itself, 
namely, ‘‘Would the increase in production observed by them be 
maintained over a long period of time if the increased illumination 
is maintained?”’ 

Warp Harrison (Communicated): Dr. Ives stated that in 
the New York Post Office tests the speed of work increased with the 
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illumination but did not drop down all the way to its original value | 
when the illumination was again reduced to 2.8 foot-candles. I 
have heard indirectly of other instances where the same phenome- : 
non has been observed. The best explanation that I have heard | 
was that suggested by Dr. E. F. Nichols, namely that the ease of | 
seeing under the high illumination establishes the habit of faster | 
work and that this is not immediately shaken off when the illumina- | 
tion is reduced to the former low value. Likewise, the ultimate 
high speed of work obtainable under a high level of illumination is 
quite possibly not secured during the first few days of work under 
such illumination. 





ISALIENT FEATURES IN POWER STATION LIGHTING* © 


BY RAYMOND A. HOPKINS** 


SYNOPSIS: Unusual problems are met in the lighting of power stations on account of 
tindividual arrangement of equipment, severe service conditions and exacting requirements. 
| IThe successful lighting system must be reliable, economical, easy to maintain and adequately 
Isuited to the specific local requirements which requirements are found to differ throughout the 





station. The most reliable and economical source of energy is usually the station auxiliary bus. 
IThe distribution wiring should be of the particular quality best suited to meet power station 
1 onditions and should be designed to give the best possible voltage regulation consistent 
rvith economy. An emergency lighting system should be provided and of several possible 


‘arrangements the one giving greatest dependability should be selected. All equipment such as 
cabinets, switches, receptacles, lamps, globes, shades and reflectors should be carefully selected 
ito give maximum operating convenience, long life and high efficiency. A thorough survey of a 
‘large number of existing first-class power stations gives data for the solution of a number of 

ypical station illumination problems so selected that the designing engineer may extend the 
jidata and conclusions given to meet the requirements of any ordinary station. 


Steam and hydroelectric power generating stations and sub- 
stations present unusual lighting problems seldom met elsewhere 
jin the industrial field. In the coal bunker, the firing aisle, the 
Wash room, the switch room, and many other parts of the station, 
ithe conditions are so severe and the requirements so exacting that 
ithe design deserves very careful study. It is the intention of this 
ipaper to discuss a limited number of specific problems and to 
submit solutions for them, based on actual data from a large 
mumber of successful installations to the end that the designing 
‘engineer may readily extend the data and conclusions to completely 
cover the requirements of any ordinary station. 

Reliability of the lighting system is of first importance since 
light is depended upon for the reading of meters and gauges, the 
operation of controls, the inspection of equipment and the super- 
jvision of all working parts of the station which themselves are 


| 
| 
GENERAL CONSIDERATIONS 
} 
. 
| 
t 
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| 
essential to the continuous production of electric energy. The | 
_ complete lighting system should, therefore, be of rugged construc-: 
tion and of ample capacity and should include spare transformers| 
and other essential parts. Moreover, in order to provide an 
immediate relay against even a momentary failure of the normal 
lighting system, an auxiliary or emergency system should be} 
arranged to serve all important parts of the station. 


As an example to the public who support the power station# 
by purchasing its output, the station lighting should represent the> 
latest achievements in correct illumination. The use of wasteful 
and antiquated lighting equipment should be avoided and the 
installation should be designed to permanently secure proper 
illumination intensities and satisfactory operating conditions. 





Maintenance, with every lighting system, is essential to 
successful performance. Particularly in the power station, on 
account of the unusual ceiling heights, the hazardous locations and 
the excessive dust, the problem of maintenance deserves earnest 
attention. Equipment should be selected which endures severe | 
service and which is readily disassembled for cleaning and} 
relamping, and it should be located so as to be easily accessible. 






| 





Less illumination is generally required for normal a 
of the station than is required for maintenance or repair work. 
During normal operation there are instruments, gauges, bearings 
and other details to be watched and certain routine operations to 
be performed, but many parts of the station can be left relatively’ 
unattended except for regular scheduled inspections. These : 
periodical inspections, however, require ample lighting throughout! 
the station and repair work and overhauling of machines, which ist 
often done on a rush basis, deserve the best possible lighting. It is, 
therefore, important that the lighting system be made flexible: 
by providing plenty of local switching and of plug receptacles. 








SOURCES OF ENERGY 


A choice is generally to be made between several available: 
sources of energy for the lighting system such as the main station/ 
bus, the station auxiliary bus, the exciter bus, the storage battery,| 
or an outside source. The chief considerations involved int 
making the choice are reliability, economy and voltage regulation, 
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The main station bus in a direct current station is generally 
the most reliable and economical source for the lighting and is 
usually chosen on this basis, although the voltage regulation may 
not be all that is desired. Lamps of the 110 to 125-volt or 220 to 
250-volt class are generally used and when the bus voltage is 
550 or 600 volts, the lamps are grouped in series. 


The main station bus in an alternating current station is in 
itself a reliable and economical source. When the voltage is over 
2300 volts, however, the transforming and switching equipment 
are expensive and also constitute a possible hazard to the lighting 
system. Moreover, the voltage on the main bus is often varied 
as much as 10 per cent above and below normal at different times 
of the day to suit the load requirements, this condition necessi- 
tating the use of a feeder voltage regulator on the lighting circuit. 
For these reasons, the main bus when of over 2300 volts, is seldom 
used as a source for the station lighting. 

The station auxiliary bus from which all motor driven 
auxiliaries are fed is usually considered the best source of energy 
for the lighting system. It is generally operated at 2300 volts 
and proper transformers and circuit breakers are used to supply 
energy to the lighting system. Since the continuous operation 
of the station auxiliaries is very important even under conditions 
of power interruption or voltage surge on the main bus, the 
| station auxiliary bus is usually supported by at least two sources 
|of energy, at least one of which is a prime mover. This assures a 
reliable, economical and usually well regulated source. A feeder 
voltage regulator on the lighting feeder is necessary only when the 
| auxiliary bus for some reason does not carry a uniform voltage. 


| The exciter bus is not considered a suitable source for the 
jnormal lighting. It is reliable but not particularly economical 
jand when automatic voltage regulators are used on the exciters, 
\the voltage regulation of the exciter bus is often as great as 
60 per cent above and below normal. Furthermore, the lighting 
system, if fed from the exciter bus, is somewhat of a hazard to 
the excitation system. The exciter bus is sometimes used as a 
source for the emergency lighting system but even this practice is 
not to be recommended. 

The storage battery is a most olan lb secondary source of 
energy for the lighting system and with proper charging connec- 
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COMPARISON OF DISTRIBUTION SYSTEMS 


(BASED ON EQUAL FEEDER LENGTHS AND EQUAL LOADS, AND USING SYSTEM “A” AS A BASE FOR COMPARISON) 


COPPER SIZE BASED ON COPPER SIZE BASED ON 
CURRENT OENSITY PERCENT VOLTAGE DROP 
HORT FEEDERS LONG FEEDER 
DESCRIPTION URRENT & ' ( hy 
copper | TOTAL |PERCENT| powea| coppeR | TOTAL | PERCENT 
COPPER | VOLTAGE COPPER | VOLTAGE 
SIZE | weiGHt} orop | LOSS | SIZE | weigHt] DROP 


{Ph or dec tion 
tion Volt 
1Ph or dc 3Wire Oviside SO Aside $0 Oviside 25 
—o—0 375 
220-110 Volt Neutral © [Neutral SO! Neutral 75 
j 2 Ph Wire Ovtside 50 saiead Ouiside 50 85 
HWOVolt Common 70.7 ommon0.7 
I 2Pn 4 Wire 
-_2 
110 Volt 
2 Ph. 5 Wire Outside 25 [Outsde 25 ide 12.5 ; 
50 3125 
220-110 Vol? Neutral O [Newral 25 Nevtrai 12.5 
Pp WwW. 
3 Ph 3 Wire 86.5 
DAN WOVolt 
ye -3Ph 4Wire Outside 33.340 Outside 16.7 
191-110 Vol? Neutral 16.7 


Fic. 1.—Comparison of Distribution Systems 




























tions the voltage regulation is satisfactory. The cost of the} 
battery and its poor efficiency at once prohibit its use for normal 
lighting but it is very commonly used as a source for emergency 
lighting. When so arranged the battery size is determined by the ; 
demand of the emergency lighting system plus the demand of the 
control system. The latter is likely to be heavy during a period| 
of emergency since at such a time considerable switching is done. 


A maximum allowance of one hour for demand on the emergency 


most extreme conditions. Since the control circuits constitute ail 
very sensitive and important part of the station wiring, it isk 
important that the emergency lighting system if fed from the 
control battery, be kept free from grounds or other faults which) 
may cause trouble with the controls. 


An outside service is sometimes used as a source of energy) 
for the lighting system where the station voltage or frequency 
are not suitable for lighting circuits. Especially in small stations’ 
of this nature it is often found more economical to purchase} 
energy for lighting than to install necessary transforming or} 
converting equipment. 





SALIENT FEATURES IN POWER STATION LIGHTING 805 


DISTRIBUTION SYSTEM 


| The materials and workmanship constituting the complete 
| lighting system from the source of energy to and including the 
ilamps should be of the best quality in order to insure dependable 
| joperation comparable to that of the major station equipment. 

| Data on a number of the most commonly used distribution 
ems are given in Figure 1. It will be seen that where the 
ifeeder is so short that the copper size is based on current density 
ior carrying capacity, the use of one of the higher voltage systems 
ias B, E or G results in a considerable saving in copper and in 
less voltage drop and power loss. Also, when the feeder is so long 
| hat the copper size is based on allowable voltage drop, the higher 
ivoltage systems result in even more saving in copper. 

_ System B is probably the most commonly used. Being a 
single phase system it requires only one transformer while a 
ipolyphase system requires more than one. With a single phase 
system the lighting is all carried on one phase of the station, but 
this is seldom found objectionable. 


' The neutrals of systems B, E and G should always be grounded 
f nd the neutral conductor unfused. The size of the neutral 
Yshould be determined by the size of the fuses in the outside con- 
BB ctors where the circuit is protected by fuses, since the blowing 
jot a single fuse is liable to result in the neutral wire carrying the 
}full load of one of the outside wires. Where a circuit breaker is 
h sed, all poles of which trip at the same time, the neutral wire 
ll eed be only large enough to carry the unbalanced current. For 
| system C the common conductor must have 1.41 times the capacity 
bf each outside conductor. If the system is convertible the 
common conductor must have double the capacity of each outside. 
i n example of this connection is found where the emergency 


| 
Fighting circuits are normally operated as system B, but in 
. 
| 






















mergency are operated as system A by connecting the two 
butside conductors to the positive and the neutral to the negative. 

The grouping of several cabinets on one feeder is not desirable 
irom the standpoint of flexibility in switching, testing and mainte- 
Jhance but is often done for economic reasons. By referring to 
| ‘igure 2 it will be noted that when two or more cabinets are 





Nocated close to each other and at some distance from the bus 
‘ss in A and B, the most economical arrangement is to group the 
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GROUPING OF DISTRIBUTION CABINETS SHOWING COMPARATIVE ECONOMIES 
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Fie. 2.—Comparisons of Cabinet Groupings. 























cabinets as shown in B. This not only takes account of the fact} 
that one feeder costs less than two, even when equal weights} 
of copper are involved, but also of the fact that the single feeder 
will contain less copper on account of diversity between cabinet} 
loads. On the other hand when the cabinets are scattered as int 
C and D, the most economical arrangement is separate feederss 
as shown in C. The common feeder as shown in D could be used 
to advantage by fusing the feeder just beyond the first cabine 
but fuses in the feeders at other points than at the mair 
switchboard are not to be recommended. 

Distribution cabinets of various styles are available and the 
choice depends on a great many local conditions. Main fuses are 
necessary unless the cabinet buses are protected by the feeder main 
fuse. The main switch in the cabinet is optional. It is convenient 
for changing of branch fuses, for making changes in the cabine 
wiring and for controlling the entire cabinet in cases where contro 
of this kind is desirable. The main switch is sometimes electricall 
operated so that the entire cabinet can be controlled from 
distance. Such a control is convenient for the distributior 
cabinets supplying. large turbine rooms, since the cabinets can ber 
located up near the lamps and the control switches can be located 
at a convenient place on the turbine room floor. Magnetid 
switches are available in two types, one of which is operated by &} 





IK} 


| 


i 
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- momentary contact control switch and the other by a single pole, 
single throw control switch. In laying out the lighting system it 
will be found that each type has distinct advantages over the 
other to meet certain conditions. 


Branch fuses are necessary in all cases. At present two-pole 
fuses are required by code but it is expected that in the near 
future single-pole branch fuses will be allowed under specified 
conditions. Branch switches are optional. They are unnecessary 
where the cabinets are located with respect to the centers of 
distribution and are used only as fuse boxes, the control being 
entirely by local switches. On the other hand, branch switches 
are needed where the cabinets are located not necessarily in the 
centers of distribution but at convenient control points, and are 
used to control the lighting without local switches. The latter 
arrangement has the disadvantage that lights may be turned off 
by mistake in rooms where they are urgently needed. 


Flush type and surface type, dead front and open front cabinets 
are available and the choice depends upon their locations. 
Directory frames are always convenient when replacing fuses. 
Wiring gutters are necessary in the majority of cases and it is 
convenient to provide wider gutters at the tops and bottoms than 
at the sides, since most of the wiring enters the cabinet at the 
top and the bottom. 

Coding of the branch wiring where the neutral is grounded is 
becoming standard practice. It is convenient to use a white or 
light colored braid for the grounded wire and the usual black braid 
for the other wires. ‘The shell sides of all sockets and receptacles 
are connected to the white wire, and all single-pole switches are 
placed in the black wire. 

Special insulation is very desirable in boiler rooms and in 
condenser rooms where the wire is subject to severe heat and 
moisture conditions. In these locations the ambient temperature 
is often above the safe temperature for rubber insulation, and 
escaping steam sometimes produces condensation which is liable 
to saturate the braid. Several types of insulation and covering 
have been tried including asbestos compounds, fibre compounds, 
waterproof impregnations and varnished cambric with lead 
covering. It is very difficult to find an insulation and braid 
which will permanently resist both the moisture and the heat. 
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Generally if it is heat-resisting, it quickly absorbs moisture and 
on the other hand if it is impregnated to resist moisture the heat 
quickly dries out the impregnating compound. Varnished cambric 
insulation with lead covering is quite satisfactory but very expen- 
sive. Varnished cambric insulation with braid covering gives 


very good results. None of the usual rubber compounds are 


suitable, but certain vulcanized compounds are available which 
are satisfactory for boiler room use. Much trouble from excessive 
temperature can be avoided by carefully selecting the locations 
of conduit runs. 

EMERGENCY LIGHTING 


The emergency lighting system has been mentioned a number 
of times in the preceding paragraphs. The most carefully designed 
and maintained normal lighting system is not infallible. In case 
of system disturbance or loss of a lighting transformer or other 
accident that extinguishes the normal lighting system it is of 
utmost importance to station operation that the emergency 
lighting system be automatically put into operation at once. The 
important parts of the station to be covered by emergency lighting 
are water columns, boiler gauges and meters, stoker and fan 
controls, boiler feed pumps, turbine gauges and controls, turbine 
auxiliaries, valve controls, oil circuit breakers and disconnecting 
switches, lighting transformer and switch rooms, switchboard 
rooms, load dispatcher’s office and all stairways and passages. 

Three commonly used systems of emergency lighting connec- 
tions are shown diagrammatically in Figure 3.. In each system 
the emergency wiring is segregated from the normal wiring by 
the use of separate conduits, cabinets and outlets. It is often 
found convenient, however, and perfectly satisfactory, to use 
combination cabinets with barriers separating the normal from 
the emergency circuits. One of the three systems shown is 
generally selected although it is sometimes found in working out 
the details that combinations of all three are necessary. 

System A consists of a number of small auxiliary lamps 
arranged to burn normally and in emergency on the emergency 
source. Since the lamps are kept burning continuously and are 
always fed from the emergency source, the number and size of the 
lamps must be kept small so as to conserve energy. The lamps 
therefore cannot be used to supply any portion of the normal 
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DIAGRAMS OF EMERGENCY DISTRIBUTION SYSTEMS 


A-Emencency Lames AtwayS BuRN ON EMERGENCY SOURCE 
B-EMERGENCY LAMPS NORMALLY DARK, BuT IN EMERGENCY Burn On EMERGENCY SOURCE 
C-—Lamps NORMALLY Burn ON Norma Source, But IN EMERGENCY BURN ON EMERGENCY SOURCE 


Fia. 3—Diagrams of Emergency Distribution Systems 


illumination but must be considered as auxiliary or supplementary 
to the normal lamps. Thus each gauge, for instance, must have 
two lamps, a normal and an emergency. Local switching is not 
provided for fear the lamps will be turned off locally at the time 
an emergency occurs. The feeders are sometimes switched at the 
main switchboard and the operator is instructed to turn off the 
lights during the day in those portions of the station which do 
not require lighting in the daytime. This emergency system being 
supplementary to the normal system is apt to be robbed of lamns 
and fuses and to otherwise become deteriorated, since under 
normal conditions its loss is not felt. The system therefore, 
requires rigid routine testing and maintenance. 


System B consists of a number of small auxiliary lamps 
arranged to be normally dark but in emergency to burn on the 
emergency source. Somewhat larger lamps can be used than in 
system A, since they burn only in case of emergency, but as in A, 
all gauges and other vital points must have duplicate lamps. 
Local switching is not desirable. The main switch for the entire 
system consists of a contactor, normally held open by a potential 
coil energized from the normal source, but automatically closed 
by energy from the emergency source, whenever the normal 
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potential fails. This being a supplementary system, requires the 
same rigid routine testing and maintenance as system A. 


System C consists of a carefully selected portion of the normal - 
lamps to be designated as emergency lamps and arranged to burn 
normally on the normal source and in emergency on the emergency 
source. The size and number of lamps, as with system B, are 
limited only by the energy available at the emergency source for 
the short time that the emergency exists. Moreover, since the 
lamps burn’ normally on the normal source, no duplication of 
lamps is required at gauges and other similar places. Local 
switching can be provided with perfect safety because the emer- 
gency lights are required for normal operation and will always be 
switched on when needed. It is important, however, to arrange 
the switching so that where an emergency light and a normal light | 
occur in the same room for instance, both lights will be switched — 
at the same operation. This has been successfully done by using | 
a two-pole switch, wiring one pole in the emergency circuit, the 
other in the normal circuit. Likewise, in a large interior, such as" 
the turbine room, a single emergency circuit can be controlled 
simultaneously with a number of normal circuits by the use of a 
double pole switch, one pole of which controls the emergency 
circuit directly, the other the normal circuits collectively through 
a contactor cabinet. The main switch for system C consists 
of two contactors interlocked so as to form a double throw switch. 
Normally the switch feeds the emergency lights from the normal 
source but in the event that the normal source fails, the contactor 
is automatically thrown over by energy from the emergency source 
so as to feed the lamps from the emergency source. The action is 
reversed when the normal potential is restored. Since with this 
system the lamps form a part of the regular lighting, their loss is 
immediately felt and therefore this system is more likely to be 
properly maintained than either of the other two systems. 


EQUIPMENT 


All equipment including cabinets, switches, receptacles, lamps 
and reflectors should be of especially rugged design consistent 
with the reliability required of the lighting system. Rugged 
construction can be obtained by the use of heavy conduit and 
outlet fittings, cast iron outlet boxes, cast iron hoods for supporting 
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reflectors, porcelain enameled steel reflectors, heavy glassware, 
wire guards, rubber and steam gaskets, substantial sockets, positive 
locking devices on all screws supporting reflectors and other similar 
devices. Long supporting stems should be made flexible by the 
use of double strip flexible steel conduit or of flexible metallic 
steam hose. Aligners or flexible joints with rigid stems also give 
some degree of flexibility. Heavy equipment should not be 
supported from outlet box covers but should be attached ar tan 
to the boxes by substantial threaded fittings. 


All equipment should be easy to clean, relamp and maintain 
This is of especial importance in the electrical bay where the 
lights are sometimes located in hazardous places. The ceiling 
lights in the turbine room are reached from the crane and it is 
very convenient to be able to unhook a complete unit and lower 
it to the floor for cleaning. 


Steelware is generally used in the boiler house and condenser 
rooms and glassware is generally used in the turbine room, electrical 
bay and offices. Glare should be avoided by using bowl enameled 
lamps in all open reflectors and by using good quality diffusing 
glassware of large size for closed units. 


Receptacles of the marine type are desirable for the ash room, 
boiler room and condenser room and are often used throughout 
the station for purposes of standardization. The screwed cap 
excludes dirt and moisture when the receptacle is not in use. 
Heater receptacles are often required in hydroelectric stations and 
substations where steam heat is not available and in electrical 
bays of steam stations where steam heat is objectionable. It is 
desirable to provide three-wire receptacles so that the heater 
frames may be grounded. 


DESIGN DATA 


In some parts of the station, such as the turbine room and the 
offices, the usual flux of light methods of design can be applied to 
advantage. For the majority of the station, however, the chief 
problem is to avoid shadows and glare and to locate the individual 
lights effectively with respect to the equipment and it is found 
that the efficiency of utilization and the watts per sq. ft. are 
themselves of very little assistance. 
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Fie. 4—Typical Cross Section of Steam Electric Generating System. 


Figure 4 shows a cross sectional view of a typical coal burning 
steam-electric generating station of 100,000 kw. installed capacity, 
generating and delivering energy at 13,200 volts. The majority 
of the specified problems discussed below are illustrated in this 
cross section. 


The design data given are typical of the actual conditions 
found in a recent survey of a number of first class power stations. 
The illumination intensities are the direct results of tests made in 
these stations with a Macbeth illuminometer. In making the 
tests no attempt was made to clean or renovate the lighting 
equipment before test, and the intensity values recommended are 
net, depreciated values. It is expected that in a new installation 
they would be from 20 to 4o per cent higher in order to allow for 
depreciation. 


Fundamental design data compiled from a number of repre- 
sentative steam stations comparable to the one illustrated in 
Figure 4 are as follows: 
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Boiler Turbine Electrical Entire 

House Room Bay Station 

|Lighted Floor Area, sq. ft. 55,000 45,000 35,000 135,000 
|Number Normal Lights 300 250 400 950 
Number Emergency Lights 120 50 140 310 
‘Total Number Lights 420 300 540 1,260 
Connected Normal Watts 31,000 49,000 33,000 113,000 
|Connected Emergency Watts 8,500 10,500 11,000 30,000 
Total Connected Watts 39,500 59,500 44,000 143,000 


'Total Watts per sq. ft. 0.71 1.32 1.26 1.06 


COAL PILE AND YARD 


The coal pile and yard are not unlike any industrial plant 
yard. Ordinary operation of the station does not require night 
mrork in the yard but conditions often arise which make night 
a necessary and the lighting system should adequately meet 
allsuch demands. Emergency lighting is seldom used in the yard. 
Either flood lighting from projectors or local lighting from pole 
tops can be successfully applied. The former is generally less 
sxpensive to install and more easily maintained. The boiler 
house roof and the coal conveyor house offer convenient locations 
lor projectors. Switching should be located in the boiler house 
jnear the door used by the workmen. It is convenient to use 
iitandard lamps in the projectors and to select them of the same 
jiize as those used elsewhere in the station. 

For unloading coal and conveying coal to the crusher, an 
iiverage intensity of o.7 fe. is desirable. With 1000 watt 


‘vrojectors this requires about 0.1 watts per sq. ft. For roadways, 
jin intensity of o.2 fe. is sufficient and with 200 watt projectors 
ihis requires about 0.03 watts per sq. ft. 




















COAL. BUNKER AND CONVEYOR 


The coal bunker and conveyer illustrated in Figure 5 is 
enerally the dustiest part of the station. The coal is usually 
y-ushed in the yard and conveyed by belt or bucket up over the 
Junker where it is dropped into the bunker. The crusher house, 
jhe conveyor housing and the bunker are usually provided with 
atural light during the day when most of the work is performed 
jut must have sufficient electric light for operation at night in 
lises of necessity. Emergency lighting is required only for safe 
assage and should constitute 15 per cent of the total wattage. 
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Bare lamps are often used but better results are obtained by 
adding porcelain enameled steel reflectors. Outer globes and wire 
guards should be used where there is danger of mechanical injury. 
Lamps should be located within easy reach for cleaning and this is 
an important consideration, especially over the bunker, where a 
fall by the cleaner might be very serious. Three-way switching is 
usually necessary. An intensity of 2 fe. is desirable and with 
78- or 100-watt lamps this requires 0.5 watts per sq. ft. | 































FIRING AISLE 


The firing aisle illustrated in Figure 6 is the most important } 
part of the boiler house. Here are located the water columns, 
steam gauges, draft gauges and the controls for the larry, stokers, | 
fans and auxiliaries. In many stations the firing aisle receives no 
neitural light although the present tendency is to dispose of the} 
coal bunker at the end or middle of the building so as to allow a} 
skylight to be located over nearly the entire length of the firing 
aisle. The normal lighting should be adequate for operation of the} 
boilers both night and day. The emergency lighting should be# 
sufficient to allow full operation without normal lighting which 
means that. 25 per cent of the general lights and all of the local/| 
lights should be on the emergency system. If general overhead 
lighting is used the lamps should be carefully located and properly} 
shielded to avoid glare in the eyes of the operator when lookings 
upward at the water columns and steam gauges. These overhead! 
lights must also be hung above the larry and this, of course, puts} 
them in a difficult position to maintain. On account of these 
limitations, it is sometimes considered satisfactory to leave the|| 
upper part of the firing aisle generally dark with strong local lights; 
on the water columns and gauges. : 

The water column being located some 30 ft. above the floo fH 
but at the same time requiring constant watching by the operators 
deserves very careful consideration. The light should preferably} 
be directed from below so as to avoid specular reflection from the 
gauge glass. Moreover, the lighting equipment must be very} 
rugged in order to withstand the severe force of an exploding 
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water glass. Being arranged to face upward it must have somé 


efficient means of removing the dust which quickly accumulates}| 
The water column illuminator shown in Figure 7 has been foun 








Fig. 6.—Boiler Room Firing Aisle. 


Fic, 8—Ash Room. 
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Fie. 7.—Water Column Illuminator. 
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well qualified for this severe duty. The two beams of light from 
the two 40-watt lamps are focused by the lenses to impinge on 
the meniscus of the water column and cause it to glow so that it 
ran be readily seen from any part of the firing aisle. A series of 
tmall holes on the casing around each lens are arranged for con- 
nection to the station compressed air system or to the forced air 
uct and the streams of air effectively prevent the accumulation 
bf dust. The device has always proved its ability to withstand 
water glass explosions due to its general rugged construction and 
o the special heat-resisting quality of its lense. 

The steam gauge which is some 20 ft. above the floor, the 
lock, and the load indicator should also be lighted from below 
Ho avoid reflection. Excellent results are obtained by using a 
lingle 40-watt unit of the water column illuminator just described. 
| The gauge board generally contains a group of indicators and 
auges and is successfully lighted by one or two 75-watt angular 
iteel reflector units. 
| The stokers and drive mechanisms are generally located under 
lhe hoppers. These are adequately lighted by 75-watt angular 
eflectors hung from the hoppers. The walkway over the hoppers 
ind the tops of the hoppers themselves should be well lighted 
ince this walkway is provided for the use of the operator while 
mspecting the contents of the hoppers and breaking up masses 
f coal that may become clogged. Deep bowl or RLM units 
ff too-watt size are satisfactory. They should, of course, be 
itched locally so as to be dark always except when actually 
fequired for the above mentioned operations. 

The larry requires one or more 75-watt deep bowl or angular 
flectors in the cab to light the controls and weighing scales. It 
also desirable to supply one or two 1oo-watt angle reflector 
mits for each chute to light the end of the chute and the hopper 
jluring the dumping process. The lights on the larry are generally 
ired in series circuits so as to be fed from the larry motor circuit. 

At the throat of the bunker one or more 75-watt reflector 
linits may be used advantageously to assist the operator in opening 
e gates and discharging coal into the larry. 


i 


BETWEEN AND BACK OF BOILERS 


Between the boilers and back of the boilers the passages 
quire sufficient lighting to allow the operators perfect freedom 
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about the station. The emergency lighting should constitut# 
20 per cent of the total wattage. Stoker drives which may by 
between boilers and important valves which are often behind the 
boilers require particularly good emergency lighting. These 
passages are satisfactorily lighted with 1oo- or 150-watt RIM 
units. An average intensity of 3 fc. is desired and this requires) 
0.6 watts per sq. ft. | | 





OVER BOILERS 


Over the boilers are walkways for inspecting the boiler topsij 
safety valves and water columns and for operating non-return and. 
other valves. The emergency lighting should provide for safe 
passage over the walkways and for operation of the non-returr 
valves. Generally 50 per cent of the walkway lighting should b¢ 
on the emergency system. Lights located over the boilers shoul 
be well back from the firing aisle so as to avoid glare in the eye# 
of the operator below. They should also be switched locally sine i 
they are only needed occasionally. Generally a 100-watt RLM 
unit over each boiler is sufficient. For the walkway over thé 
front of the boilers and also for the walkway at the back of the 
boilers 50-watt marine brackets may be used with outer globe: 
and wire guards. Those for the front walkways should be located 
close against the columns on the side away from the firing aisld 
so as not to interfere with the reading of the water gauges. 


| 
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ASH ROOM 


The ash room, Figure 8, presents a peculiar problem because, 
most of the equipment to be operated is on the ceiling. Th 
railroad cars are pushed under the ash hoppers, the hopper gates 
are opened and the ashes drop into the cars. The ashes are 
generally mixed with water so that the lighting equipment i 
likely to be injured by steam and acid as well as by dust. Emeral 
gency lighting is required only for passage and should constitute) 
15 per cent of the total wattage. Since daylight is generally} 
excluded from the ash room, some of the lamps should burn conif 
tinuously. Enameled steel angle reflector units of roo- to 1504 
watt size or smaller units of the totally enclosed and wire euaraa| 
marine type are found satisfactory depending upon conditions} 
They should be located so as to light the controls without canst 
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glare in the eyes of the workmen. The forced draft duct often 
occupies the center bay and under this should be located 75- or 
too-watt RLM units for general illumination. Receptacles 
ishould be used to facilitate repair work and the ash room is one 
iof the places where marine type receptacles are necessary. The 
ash room lights should be switched locally at the columns since 
ork is done only in portions of the room at a time. 


TURBINE ROOM 


The turbine room, Figure 9, presents the large interior problem. 
Whe crane spans the entire room and ceiling lights must be located 
Iebove the crane trolley. Bracket lights if used must be close to 
she walls to avoid the crane hook. The horizontal component 
of illumination is important in order to read the vertical gauges. 
i uring normal operation an average horizontal intensity of 
t fc. is sufficient but when a generating unit is down for repairs 
jin intensity of 8 fc. is desirable. Consequently a flexible switching 
jurangement is needed. A very convenient switching arrangement 
onsists of one or more cabinets with branch switches and with 
agnetically operated main switches. The lighting for the entire 
jjoom is controlled by one or two pilot switches and the amount 
}f illumination is varied by adjusting the branch switches. Emer- 

lency lighting should be provided to give an average of 2 fe. 
vhich under stress of necessity will permit full operation. With 
Wrismatic reflector units of 750-watt size and with light buff 
olored brick walls it is found that an intensity of 4 fe. requires 
.5 watts per sq. ft. 















CONDENSER FLOOR 


The condenser floor often presents some confusion in the mind 
if the lighting designer. The turbine usually rests on a platform 
Holated from the rest of the building and standing on its own 
jpundation. Under and around the turbine platform are 
assembled the various. station auxiliaries, such as pumps, fans, 
lves and controls. The lights in general must be hung from 
ie turbine platform or supported from the condenser and must 
2 located below the mass of large and small pipes that often 
itcupy most of the space overhead. Parts of the condenser floor 
wre sometimes lighted naturally but often the entire room receives 
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no daylight. Constant supervision of the auxiliaries is a vitall 
part of the station operation. Emergency lighting should con-| 
stitute 20 per cent of the total wattage. Local switching should) 
be provided so that lights may be turned out around machines 
which are shut down. Receptacles are needed frequently for 
inspection and repair work and should be of the waterproof type. 
With RLM enameled steel reflectors and 100- or 150-watt lampg 
it is found that an intensity of 4.0 fe. requires 0.75 watts per 
sq. ft. of working space. 





BATTERY ROOM 


The battery room requires acidproof equipment. It is custom- 
ary to use a totally enclosing prismatic reflector which screws) 
into a cast-iron box embedded within the ceiling concrete so thai 
only the glass itself is exposed to the action of the acid-laden 
fumes. The switch is placed outside and no receptacles are 
provided. Emergency lighting should constitute 25 per cent of the 
total wattage. Battery rooms have sometimes been painted} 
black but this is unnecessary since light-colored acid-resisting| 
paints are now available. With light gray walls and ceiling and. 
with 75-watt lamps in totally enclosing prismatic reflectors, it is 
found that a density of 1.0 watt per sq. ft. gives an intensity of 
4.5 fc. which is considered satisfactory. 








BUS ROOM 


The bus room which is purely a bus room without switche# 
or other operative equipment does not present a serious problemi 
The lighting should provide for reading the captions over the 
cells and for inspecting and cleaning the insulators and coppel 
work. In order to effectively light the spaces between thi 
horizontal barriers, it is advisable to hang the lamps on stems, td 
use diffusing glassware and to provide light colored walls. Wher# 
stems can not be used, receptacles for portable lamps should bt 
provided. Local switching is desirable and also three-way 
switching when the room is entered from both ends. Emergency 
lighting is needed only for safe passage and should constitut}} 
20 per cent of the total wattage. An illumination of 3 fe. on || 
horizontal 30” plane and of 1.5 fe. on the face of the bus structur}} 
is desirable. With white walls and ceiling and with 75-wat 
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Fic. 11.—Switchboard Room Lighted by Concealed Sources with Prismatic 
Glass Ceiling. 





Fig. 12.—Night View of Outdoor Switching Station. 
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| prismatic units, this requires 1.25 watts per sq. ft. With red 
| brick or concrete walls and bus structure the wattage per sq. ft. 
| would need to be increased to 1.75. 


SWITCH ROOM 


The switch room, Figure 10, generally contains oil circuit 
‘breakers and disconnecting switches. This equipment requires 
| very close supervision and careful inspection. The disconnecting 
| switches are often opened and closed manually by means of a 
| wooden pole with a hook on one end which is inserted into a ring 
lor eye on the switch blade. For normal operation the most 
ects requirements of the lighting system are to provide for 
| clear reading of the captions over the compartments and for 
|operation of the disconnecting switches. For maintenance the 
lighting should cover the breaker mechanisms and all insulators 
jand copper work. Receptacles should also be provided for 
jextension lamps for inspecting the inside of the breaker cells. 
|Local three-way switching is desirable. Emergency lighting 
should be sufficient for operation and should constitute 30 per cent 
jof the total wattage. It is very important that the operator 
}shall not become confused as to the particular conductors and 
)equipment constituting the circuit he wishes to find, and as an 
jassistance to him the barriers separating circuits are generally 
striped in a pronounced color. The compartments are from 
5 ft. to 7 ft. wide. It greatly assists in the marking of the com- 
partments if the lamps are placed regularly with respect to the 
| compartments; that is, on the beams between the compartments 
jor in the centers of compartments. Good diffusion should be 
\obtained by the use of diffusing glassware and light walls. 

| Among the many arrangements of equipment found in the 
iswitch room, two typical cases deserve special consideration, 
namely, subcell disconnecting switches and ceiling disconnecting 
Switches. Generally the room is so narrow that ceiling lights 
do not adequately illuminate the subcell disconnecting switches 
jand wall lights are necessary. The wall lights should be located 
either on center lines of compartments or between compartments. 
| With concrete walls and barriers, and with 100-watt prismatic 
ireflector units on the ceiling spaced 14 ft. apart and so-watt 
totally enclosed guarded units on the walls, spaced 7 ft. apart, 
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the intensity on a horizontal 30-inch plane is 4 fe. on the vertical | 
front edge of the cell top 2 fe. and on the disconnecting switches | 
1.5 fc., and these valves are very satisfactory. 























With disconnecting switches on the ceiling the only logical | 
location for lights is on the beams between compartments. Need- 
less to say, a very mild well diffused light should be provided by ' 
the use of small lamps, good quality closed bottom diffusing 
glassware, and white walls. The best results are obtained by 
using one unit under each beam which brings the spacing 5 ft. to} 
» ft. If the barriers are painted white, so-watt units are satis-| 
factory. If the barriers are of gray concrete or red brick, 75-watt | 
units are needed. 


CABLE ROOM 


The problems presented by the cable room are somewhat} 
similar to those of the bus and switch rooms. Generally consider- 
able work is done in the cable room in connection with testing} 
and altering cables and the lighting should be designed with this: 
in mind. Local switching is desirable. Emergency lighting isé 
needed only for passage. 


SWITCHBOARD ROOM 


The switchboard room is the control point for the entire 
electrical portion of the station and should be perfectly lighted| 
at all times. Emergency lighting is probably more important ink 
this room than in any other part of the station. It should comet 
stitute 30 per cent of the total wattage and in all cases shoullld 
cover the entire switchboard. The meters and instruments are 
arranged on vertical boards and the controls are arranged oni 
either vertical boards or benchboards. The chief requirement off 
the lighting is to provide uniform, soft illumination on thea 
instruments and controls and to avoid reflection and glare from| 
the instrument cases. Two general schemes of switchboard room 
lighting are in successful use and deserve mention: one from visible# 
sources, the other from concealed sources. 










Switchboard room illumination is from visible sources. The# 
prismatic reflectors and bowl enameled lamps are mounted in 
front of and above the board, the position being designed to avoid 
direct reflection from the meters. With a light colored ceiling and 
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using 100-watt lamps a density of 0.75 watts per sq. ft. gives an 
lintensity of 3.5 fc. on a horizontal 30-inch plane, and 2.5 fe. on 
ia vertical plane through the instrument scales. 


Switchboard room lighting from concealed sources has been 
accomplished by two methods, first by the use of a diffusing glass 
iceiling and second by the use of a prismatic glass ceiling. In either: 
case the ceiling is lighted during the daytime by a skylight located 


directly over the ceiling and at night by prismatic reflectors and 


tmethod the lamps are so placed as to direct the light obliquely to- 
ward the switchboard and the glass is simply of the diffusing or 
ripple type and serves to hide the sources. In the second method, 
‘which is illustrated in Figure 11, the light from the skylight and 
irom the lamps is considered to reach the glass ceiling in a generally 
Wertical direction and the glass is designed to redirect the light 
obliquely against the switchboards. The glass is smooth on 
(op and prismatic on the bottom. It is realized, of course, that 
petter results can be obtained by placing such glass with the 
prisms upward or probably still better results by using glass with 
prisms on both sides. The difficulty of keeping the upper surface 
‘of the glass clean if other than smooth, however, is thought to 
utweigh the advantages of having prisms on the upper side. The 
wattage required is practically the same for either kind of glass. 
With prismatic reflectors and 75-watt clear lamps a density of 
.5 watts per sq. ft. of glass ceiling will give under the glass ceiling 
n intensity of 8 fc. on a horizontal 30-inch plane and of 3 fe. 
jn a vertical plane through the instrument scales and these values 
re very satisfactory. 


OFFICES 


The general offices require no. particular departure from 
jommonly accepted good office lighting practice. The load 
liispatcher’s office, however, requires sufficient emergency lighting 
| br satisfactory operation without the normal lighting. The load 
jispatcher’s office usually contains a mimic switchboard or system 
iiagram which requires special lighting either by means of general 
Jghting on its front surface or by means of miniature lamps used 


iD indicate switching operations. 
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OUTDOOR STATION | 

The lighting of the outdoor station must usually provide for} 
the manual operation of disconnecting switches. Emergency; 
lighting is seldom required. 
Being an open structure the outdoor station can be lighted by; 
projectors or flood lights when suitable supports are available for 
the light sources. Care must be exercised, of course, to locate the} 
lights so that they will not blind the operator. It is also desirable} 
to have the lights scattered so as to avoid shadows. 
A second method which has proved successful uses totally; 
enclosed diffusing glassware in weatherproof fittings. An example} 
is shown in Figure 12. As with the indoor switch room, it is ve 
important to have the lamps small in proportion to the glassware 
and to provide glassware of good quality so as to avoid glare. 
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_ DISCUSSION 
F. C. CatpWELL: Mr. Chairman, in line with what the Pres-} 
ident has just said, the Dayton Power & Light Company have; 
added one more feature to the lighting of their power station. Asj 
an example of how it should be done they wanted the public to see} 
a well Jighted plant. Consequently, they had in mind in the ar 
rangement of their lighting the effect produced at night, from the 
outside, and lighted up the rooms and windows so that pasa " 
could see a brilliantly lighted building. 
Jutius Daniets: There is one thing I want to mention: 





power plant, sufficient provision is made for a sign on the station 
buses. A sign load for a station of 100,000 K. V. should be approxi-i 
mately 75 kilowatts and that should go on the station lighting 
service. 

Another point that came to my mind was that sufficient 
lighting should be furnished in back of the switchboard so that the, 
secondary wiring can be tested and checked. 

H. T. Puums: In connection with the last speaker’s remarks} 
I have in mind a station where we flood-lighted the outside of the 
building so that people could see it for miles in every direction. 

In the pictures shown, it seems to me there is a great deal of, 
glare present in some positions. For example, when the man wa 


looking at the switchboard instruments, there were some glaring 
fixtures hanging back of the switchboard. 
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All such things can be avoided by suspending the fixtures 
behind beams, or by dropping boards between the operator and the 
fixtures. 

Davis H. Tuck: (Communicated) For illuminating coal 
crushing and pulverising equipment, where there is an excessive 
amount of black dust in the air, there has been developed a gas 
tight prismatic refractor unit having a symmetrical or asym- 
metrical distribution. The refractor has a closed bottom and is 
held in a gasketed chamber so that the only exposed surface is 
smooth glass. The lamp bulb and inner surface of the refractor is 
- thus protected from the coal dust by a gas tight chamber. 

For lighting turbine rooms where the lights must be placed 
above the craneways and where there is a switch room balcony on 
an approximate level with the craneway, prismatic intensive type 
reflector units similar to those described by Mr. Hopkins, have 
been built with an aluminum cover spun over the reflector, so that 
the transmitted light in the direction of the switch room is cut off 
but the transmitted light to the ceiling is allowed to pass through. 
Such an installation is in operation in the New Colfax Station of 
the Duquesne Light Company, Pittsburgh. This installation was 
designed by the D. P. Robinson Company to eliminate the glare 
from the switch balcony and at the same time maintain the day- 
light effect given by the indirect component of light to the ceiling. 

A method of installing lighting units has been used which 
makes maintenance easy. Type T condulets are used and the 
downward leg terminates in a hook. The stem of the unit termin- 
ates in a loop and a piece of reinforced cord is used to plug in the 
unit on the condulet cover. The unit is unhooked, the plug pulled 
and the entire lighting fixture is lowered to the floor for cleaning. 


ARTIFICIAL ILLUMINATION IN THE IRON & STEEL 
INDUSTRY* 


BY W. H. RADEMACHER** 


SYNOPSIS: During the last decade the application of artificial light in the Iron and Steel 
Industry has undergone marked changes with a distinct trend toward betterment. The modern 
incandescent lamp has rapidly displaced other forms of illuminants and in conjunction with 
modern reflecting equipment is today recognized standard. Altho much of the work involved 
in this industry is of a rough nature and does not necessitate lighting intensities of a relatively 
high magnitude, the requirements are nevertheless far from unimportant. Chief among the 
credits to the account of modern lighting are safety insurance and the twenty-four hour day, 
attended by the successful coping with keen competition and the affection of economies in 
production. 

The selection and application of equipment for the various areas embraced in plant struc- 
ture are exceptionally important problems, dictating as they do the success or failure of the 
resultant illuminating effect. 

In this paper the requirements of the various sections and operations are treated in detail, 
recommendations being offered as to the best practice. Photographs illustrating the applica- 
tion of the modern principles discussed accompany the text. 


INTRODUCTORY 

The information embodied in this paper is based on an in- 
vestigation and analysis of existing conditions in twelve of the 
leading steel mills located in the Pittsburgh, Youngstown and 
Chicago Districts. In view of the number of mills surveyed, their 
diversified location and their standing in this field of manufacture 
it is believed that the data presented may be considered as fair 
criteria of the practice in the industry as a whole. 

The basic objectives of the investigation were to study building 
structure, manufacturing operations and general working conditions 
from the standpoint of lighting requirements; to determine the 
type of lighting equipment in present usage, to ascertain the light- 
ing intensities employed and to compare these values with those 
reported in the previous surveys. It was further desired to analyze 
the suitability of the lighting equipment used and intensities in 
vogue with a view toward confirming their application or suggest- 
ing revisions if such procedure seemed advantageous. 


*A Paper presented before the Annusl Convention of the Illuminating Engineering 
Society, Lake Géorge, N. Y., September 24-28, 1923. 

**Fdison Lamp Works of G. E. Co., Harrison, N. J. 

The Illuminating Engineering Society is not responsible for the statements or opinions 
advanced by contributors. 
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In establishing a view point for the consideration of this dis- 
cussion it should be noted that steel manufacture as now practised 
is essentially a twenty-four hour process. This is necessarily so 
for economic reasons. Very hot, even to the point of incandescence, 
and moulten metal of great bulk enters into most processes, and 
only thru the maintenance of temperatures and elimination of 
appreciable reheating is fuel consumption and production time— 
in a word, cost—kept within present low limits. 


STRUCTURAL CONDITIONS 


To fully understand the lighting requirements of any industry 
it is necessary to become familiar with the structural arrangements 
enclosing or affecting the areas to be lighted. 

The working areas of the typical mill may be divided into two 
broad classes, as (1) Exterior, 

(2) Interior, 

The former consists of the throughfares and yards and the 
latter all enclosed or covered operations. These two groups, for 
the purpose of discussion and further analysis, may be subdivided. 
The exterior, with regard to the activities within the areas in- 
volved, as 

(1) Throughfares, 
(2) Active Working Areas, 
(3) Storage Areas. 
The interior, with regard to the grade of work carried on as 
(x) Rough, 
(2) Medium rough, 
(3) Medium, 
(4) Fine. See Table I 


All exterior work may be included under the first classification. 

The thoroughfares about the steel mill are of three types; foot, 
vehicle and railroad, the former are usually beaten earth or cinder 
paths leading from building to building and from one point in the 
yards to another. These paths cross railroad tracks, wind between 
buildings, pass storage piles, dumps, etc., and there exists an ever 
present possibility of obstructions being cast in the route of the 
unsuspecting pedestrian. The vehicle roads are of much the same 
character as the foot paths, though of course wider. The railroad 
tracks are connecting arteries between various yard points and 
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buildings, providing a line of travel for locomotive cranes, switch- 
ing engines, ingot, ladle, stock and freight cars etc. Considerable 
switching is involved in the handling of traffic, the burdens carried 
are often of a treacherous nature such as brimful ladles and red 
hot ingots, and danger lurks at every crossing and curve. 


The active working areas of the typical mill yard include such 
sections as the ore dumps, stock piles, skull cracker yards, mould 
yards and in some cases, cooling tables and loading and shipping 
yards. The actual work in these areas is of a rough but usually 
hazardous nature as stumbling obstructions are common and 
cranes are constantly moving about with loads of material. 


The activities on the thoroughfares and within the active 
working areas are practically as intense during the hours of dark, 
ness as during daylight. 

The storage areas are those sections set aside for the dead stor- 
age or surplus stocks of coal, scrap iron, etc. 

Interior conditions in steel mills are far different than those 
encountered in any other industry. The buildings housing what 
have been termed the rough and medium-rough operations are 
usually very large, covering considerable ground area—the widths 
commonly range from 30 to roo ft. the lengths from 100 to 600 
ft,, and the heights from floor line to roof trusses from 25 to 60 
ft. The roofs are invariably of the steel truss supported monitor 
type. Heavy duty overhead cranes traverse most of the buildings 
and are in almost constant operation carrying heavy machine parts, 
stock, and incandescent and hot metal in bars and ladles. The 
atmosphere within these buildings is almost constantly charged 
with steam, created by water in contact with the hot rolls and metal 
and rising from the water jackets of furnaces, together with graph- 
ite particles from the converters and much smoke, ore, and fuel 
dust. Also by virtue of these same conditions equipment and sur- 
roundings—floors, walls and ceiling—are dark and sooty making 
them decidedly ineffective from the standpoint of light reflection. 

The machinery and equipment is usually widely spread out 
covering a considerable part of the floor area with various parts 
projecting here and there about the areas traversed by the workers. 
The transfer rolls, cooling tables and many of the active machine 
parts are located at a waist high position. The footing is usually 
rough, the floor area being broken up by machine parts and material 
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either permanently located or strewn about during the processes 
involved in manufacture. Narrow bridges with steep abrupt 
approaching steps or tunnels entered by steep narrow stairways 
afford the common means of crossing from one side of the buildings 
to another. In furnace buildings the equipment is usually lined 
along the sides, the central floor area being occupied by charging 
materials, charging machinery and the various equipment used in 
processing. 

Those buildings housing operations of what are classed as a 
medium nature are much the same in their general construction and 
arrangement as those described above but the surroundings are 
usually somewhat lighter and the atmosphere less fogged, the work 
of this class usually involving the handling and working of cold 
metal. 

Those operations classed as fine are rather distributed in loca- 
tion, some of them such as certain kinds of inspection work being 
carried on directly adjacent to the manufacturing processes while 
others, such as tin plate sorting, are most frequently handled in 
typical medium sized factory buildings. 


CLASSIFICATION OF PROCESSES 


The following tabulation (Table I) gives the author’s conception 
of the proper classification of areas and operations under the head- 
ings previously mentioned. 

Rough operations may be defined as those requiring no dis- 
crimination of detail and involving the handling of only bulky 
materials. | 

| TABLE I 


CLASSIFICATION OF IRON AND STEEL Mitu Work witH REGARD TO VISUAL 
REQUIREMENTS 
Rough Medium Rough Medium Fine 

Yards Blast Furnaces Chipping Tin Plate 
Thoroughfares Cast Houses Cold Rolling Sorting 
Stock Houses Mixing Houses Close Shearing and 
Open Hearths Bessemer Sheds General Inspection Inspecting 
Soaking Pits Stripping Sheds Wire Drawing 
Reheating Furnaces Blooming Mills Pipe Threading 
Puddling Furnaces Structural & Rail Mills Nail Making 
Annealing Furnaces Rough Shearing Pickling 

Rod & Tube Mills Tinning 

Hot Sheet Mills Machine Shops 

Cooling Tables Power Houses 


Warehouses 
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Work classed as Medium rough is that involving some discrimi- 
nation of detail but not of a close or accurate nature and applying 
in general to the manipulation of hot metals. 

Medium operations are those requiring comparatively close 
discrimination of detail and in general the processing of cold metal. 


Fine work is that involving close application and accurate 
visual perception as is required for inspection. 


ESSENTIAL FEATURES OF OPERATION 


The following brief sketch of the essential points of the manu- 
facturing processes and their visual requirements is given so that 
knowledge will be had of all conditions bearing upon the problem of 
light application. Attempt has not been made to give a complete 
explanation of the theory and processes involving as such is not 
within the scope of this paper. 

The function of the thoroughfares has already been fully 
covered. Workers must be able to find their way about with 
celerity and safety, stored material, tracks, crossings and obstruc- 
tion should be easily visible. Vehicle roadways should be clearly 
defined to permit the rapid movement of automobiles and tracks 
should be lighted so as to facilitate the identification and switching 
of cars. 

Ore dumps or as they are sometimes termed yards or stocks are 
in reality stock piles to which ore is brought (from the mines) by 
boat or rail unloaded by various mechanical means, conveyors, 
grab buckets or car dumpers, and from which the ore is taken to the 
stock houses by ore bridges or skip hoists. Sufficient light must 
be provided for the operation of ore handling mechanism and the 
movement of cars. 


In the skull cracker yards the scrap steel used in the furnace 
charges is broken up to suitable sizes by the dropping of a large 
heavy steel ball, this being handled by a magnetic lift crane con- 
trolled by an operator located in the crane cab. The scrap is also 
picked up and loaded in cars for transit to the furnaces and stock 
houses. The crane operator must be able to clearly discern the 
materials he is demolishing or picking up, the location of cars and 
the movements of ground workers. 

In the Mould Yards—moulds are cleaned, stored and prepared, 
crane operators must be able to easily locate materials and ground 
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workers must have sufficient illumination for the performing of 
rough work. | 

Stock Houses are temporary storage buildings for limestone, 
ore, prepared scrap and materials entering into the basic manu- 
facturing processes. Artificial light is required sufficient for car 
switching, the safe movement of switchmen and loaders, and the 
identification of materials. 

In the Blast Furnaces the raw materials are reduced to pig 
iron. These furnaces are huge towering structures at the top of 
which is the charging platform reached by a steep narrow stairway. 
Around the lower section of the structure is located the tuyer 
mechanism and water jacket cooling system which are under the 
observation of attendants. Adjacent to the Blast Furnaces are 
the stoves which preheat the air blast, the blowing engine houses 
etc. Light should be provided to enable examination of the charg- 
ing bells, safe movement along the stairways and to check the 
operation of the water cooling and tuyer mechanism. The areas 
about the stairs should be clearly visible so workers may move 
about promptly and safely. 

At the base of the furnaces is the Cast House at which point 
the metal is run from the furnaces into huge ladles mounted on 
cars. This structure also sometimes shelters the pig casting equip- 
ment which in modern mills is of an automatic nature and re- 
ceives the moulten metal, forms the pigs and conveys them to 
waiting cars. Workers require sufficient light for the preparation 
of the runways used in drawing off the metal, and operation of mud 
guns for sealing the furnaces after tapping etc. During actual 
pouring a high intensity of light is created by the moulten metal 
passing through the troughs to the ladle cars and casting machines. 


The Open Hearth furnaces (Figure 1) receive and reduce 
moulten iron from the blast furnaces, scrap stock and various 
other materials used in manufacturing open hearth steel. They 
are charged both by machinery and hand. The charging floor 
occupies the position in front of the furnaces while the tapping pit, 
at which point the moulten steel is drawn off into ladles, is located 
at the rear. Workers are in constant attendance. Artificial light 
sufficient to facilitate the safe movement of workers about the 
constantly obstructed floors, to enable crane operators to readily 
locate workers and materials, and to enable the efficient handling 
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of ladle cars etc. is essential. The furnaces when in operation cast 
great flares of light over the working areas adjacent to them. 


Stripping consists of the removal of the ingot moulds by means 
of a huge hydraulic or electric arrangement. Artificial light is 
required here to enable the strippers to readily engage their 
mechanism on the moulds and to discern the location of cars and 
workers. The ingots when stripped present red hot surfaces which 
tend to build up the illumination about the area occupied. 


Mixing houses shelter huge vessels which hold, maintain at a 
high temperature, and mix with manganese, charges of moulten 
metal from the Blast Furnaces preparatory to be charged in the 
Bessemer Converters. Sufficient ight for maintaining safety, for 
manipulating valves and making repairs should be provided. 


The Bessemer converters are located in huge structures and 
are usually controlled by operators located on a shielded or en- 
closed platform running along the side of the building on a level 
with the converters. When the converters are in operation no 
artificial light is required adjacent to the area they occupy as they 
send off a terrific flare which illuminates the surroundings to in- 
tensities ranging in the hundreds of foot candles. Light should be 
provided however, to permit safe movement about the building 
when the converters are down and are undergoing repairs. Good 
illumination is essential on the blowers platform from which point 
the operation is controlled as scales and gauges must be accurately 
read. 

The Soaking Pits are gas-heated furnaces occupying practically 
the entire floor area of a building set aside forthem. ‘Their covers, 
which are mechanically operated, occupy the principal floor sur- 
face. Their purpose is to hold the ingots at a high temperature 
until required by the blooming mills. Light provided here should | 
be sufficient to enable the workers to move about with safety and 
to enable crane operators to easily discern the location of the floor 
men and pit covers. The covers when rolled back permit a huge 
flare to issue from the furnaces thus illuminating the surroundings 
to a relatively high intensity. 

The Blooming Mills (Figure 2) break down the ingots to bars 
or slabs of a pre-determined size. The manipulation of the ingot 
during the process is usually controlled by skilled operators 
located in a pulpit above or to the side of the rolls. The white hot 











Fig. 1.—A typical open hearth charging floor as it appears by night. The smoky atmos- 
phere, the material strewn about the floor, the flare of Jight from the furnaces on the left, and 
the dark surroundings are characteristic of the conditions encountered in steel mill lighting. 
An intensity of two foot-candles is provided by a system of overhead units which are 500-watt 
Mazda C lamps in porcelain enameled bowl shaped steel reflectors. These are hung 40 feet 
above the floor on centers 45 x 30 feet. 





Fig. 2—This modern blooming and 18 inch merchant mill is illuminated to an average 
intensity of 2.5 foot-candles by a well designed system of general lighting, employing 750-watt 
Mazda C lamps in bow] type steel reflectors on centers 40 x 50 feet, 40 feet high. 








Fig. 3—Night view of a billet cleaning, chipping and inspection department. A well 
distributed illumination of approximately four foot candles is supplied here by the application 
of overhead (500-watt deep bowl units) and side (300-watt angle units) lighting. This provides 
working conditions well above the average encountered in this class of work. 





Fic. 4—This night view of a typical hot mill building illustrates the importance of well 
diffused light. The installation pictured is of the better grade. Approximately 2.5 foot-candles 
is provided over the floor area by lamps placed 37 feet high on centers 50 x 40 feet. The Mazda 
C lamp and the RLM Standard dome reflector is used. The 750-watt size over the mills and 
the 500-watt size at the right. The rolls though appearing dark are well illuminated when 
the hot plates which are being reduced are passing through. The reheating furnaces will be 
seen at the left. 
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jingot after being placed on the transfer tables by a crane is caused 
to travel to the rolls where it is passed back and forth and turned 
at will by mechanical means under the control of the roll operators. 
'The ingot being incandescent illuminates the surrounding areas 
during its travels causing a shifting illumination thru the mill. 
\From the blooming mill the slab passes thru shears which trim 
ff the rough ends and cut the slabs approximately to size. Rail 
jmill operation is similiar to the foregoing. In Plate mills the slabs 
go to reheating furnaces and are then rerolled on smaller mills. 
Rod, Skelp and Tube mill equipment is of various forms, the rods 
jor tubes usually being passed thru the rolls under the guidance of 
lan attendant who grasps the rod as it emerges and snakes it back 
jthru another set of rolls. In what are known as continuous mills 
ithe operation is more nearly automatic. Sufficient general illum- 
lination for the safe movement of workers, for the easy examination 
lof equipment, and to permit operators to see the movement of 
(material and indicators at all times, is essential in these areas. 
‘Supplementary lighting on roll indicators is usually practised and 


r=) 


Rough shearing involves the cutting of bars, billets ete. to 
approximate size by crop or flying shears as the stock travels yong 
ithe transfer tables from the rolls. 


_ The Chipping and Cleaning operations (Figure 3) consist of 
chipping out cracks and flaws in the slabs, preparatory to their 
being further rolled. Chipping is done by pneumatic chippers and 
prinders are sometimes employed for further surfacing. From the 
standpoint of lighting this is exacting work as fine hair line cracks 
and flaws must be detected, chipped or ground out by the workmen 
and pickling of bars and billets is also sometimes undertaken in 
shese areas as a preliminary operation. Such work is relatively 
coarse however, involving as it does the preparation of vats and 
immersion of the material. 

Sheet Mills (Figure 4) reduce slabs to sheet stock. The slabs 
re “pulled out’ folded and rerolled several times forming sheet 
kteel. The sheets are then trimmed or sheared and pulled apart 
br as it is technically termed ‘‘opened”’. Hot mill operators must 
e able to move about quickly and safely. The hot sheets illum- 
mate the rolls mechanism during passes and the reheating fur- 
aces assist in lighting up the areas directly before them. Opening 
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requires that the operator be able to easily discern the sheet edge: 
and shearing demands sufficient illumination for accurate cota 
and trimming. 

Cold rolling (Figure 5) and polishing is the next process in 
sheet making and consists of the passing of cold sheets thru higl; 
speed rolls. Cold rolling of strip is much the same and involves 
careful machine setting, micrometer reading and close watching o: 
machines. In cold rolling no light is provided by the metal an 
good illumination is essential for the setting and operation of rolls 
the reading of gauges and the promotion of safety. The sheet meta 
is treacherous, at best presenting exceedingly sharp cutting edges 
which frequently cause serious accidents when not readily visible: 

Pickling consists in the running of the sheet in chemicals foi 
the purpose of cleaning. Sufficient light for the safe movement ol 
workers and handling of sheet is required in this operation. 

The Annealing Process (Figure 6) consists of stacking the 
pickled sheets in large retorts which are then rolled into gas heated 
annealing furnaces. This is comparatively coarse work and the 
principal demand for light is to facilitate the movements of cranesi 
and workers—and the safe handling of the sheets. 





Tinning, galvanizing and dusting are finishing treatments of 
sheet steel. The vats and machines are usually lined in rows along 
the sides of the buildings and are under the constant attention of 
operators. A fairly high intensity of well diffused light is necessary; 
over the equipment, so that setting, operation and finish can be 
readily observed by the attendants. 


| 


Tin Plate sorting and inspection is usually done by women 
workers on long benches in buildings especially set aside for the 
operation. The stacks of finished sheets are received on the 
benches, and the operators lift each sheet, examine each side andi 
grade it in one of three classes with respect to the nature of the} 
finish. The sheets have highly polished surfaces and are likely to 
cause objectionable specular reflections if the lighting is not care- 
fully planned. This is undoubtedly the most exacting work inl 
sheet mill operation. Flaws, scratches and surface blemishes must 
be easily and rapidly detected. 

Wire drawing, pipe threading and nail making are semi 
automatic operations. Supervision and setting of machines neces-} 
sitates comparatively close work and one operator usually care 


| 





Fie. 5—In the cold rolling department there is no luminous metal. Artificial light must 
provide illumination on the rolls as well as around them. In this modern steel mill an average 
intensity of four foot-candles is furnished by the overhead 750-watt dome and side 300-watt 
angle type units. 





Fig. 6—The annealing department as typified in this picture offers no real difficulties from 
the lighting standpoint. The work is comparatively course and the light sand used adds 
materially in light reflection. The department illustrated is illuminated to an average intensity 
of over two foot-candles by 750-watt Mazda C lamps in RLM Standard dome reflectors. The 
building is 50 feet wide and a single row of outlets on 50-foot centers is to be noted 36 feet 
above the floor. 





Fig. 7—A combination of general and local lighting is provided in this opening and shear 
building of one of the progressive sheet mills. 300-watt RLM units, uniformly distributed, 
provide general illumination of 2.5 foot-candles, while 200-watt local lights provide a higher 
intensity of 12.5 foot-candles at the shears. 





Fie. 8.—Night view of a well illuminated black sheet warehouse and shipping building. 
An average intensity of 3.5 foot-eandles is provided here by 500-watt Mazda C lamps and RLM 
Standard dome reflectors on approximately 35-foot centers. The illumination is quite satis- 
factory for the work involved. 
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for a battery of units. This work may be considered analogous to 
medium machine shop practice. 

Steel mill machine shop practice usually involves a medium 
grade of work such as roll turning, equipment repairs etc. Visual 
requirements are the same as commonly encountered in this trade. 
__ The power houses and substations represent the heart of the 
plant and such illumination as will facilitate inspection, cleanliness 
and safety is essential. 
| The Cooling Tables as the name implies are huge steel plat- 
forms on which the metal from various rolling processes travels for 
‘cooling. These tables are also quite frequently the point of in- 
spection. Illumination must be adequate for observing the opera- 
tion of the shifting fingers (frequently painted white to increase 
the visibility) which move the materials and for the inspection and 
making of the stock. Inspection is sometimes done by operators 
who draw a piece of wood along the hot stock, the examinations 
being made by the light of the resultant flare. 

_ It is believed that the use of the visual demands within other 
areas is obvious and no further discussion regarding them is re- 
quired here. 
















| PRESENT PRACTICE 
i 





__ Inevery mill inspected, incandescent electric lamps exclusively 
jwere being used for the lighting of all areas. In all cases general 
umination of some form was provided, either alone or in com- 
pination with localized lighting on particular operations. 

Lamps employed for general illumination usually ranged from 
the 300- to 1000-watt size, the larger units predominating. Local- 
zed units commonly made use of lamps of sizes of 200 watts and 
pelow. Reflectors of some type were invariably found to be used 
with the lamps employed for general lighting. 

Those observed were of various types, the RLM Standard 
ome, flat enamel steel, shallow dome, deep bowl and angle type 
orcelain enameled steel being common. While the flat enameled 
eel and shallow dome reflectors were predominating in the older 
stallation, the RLM Standard Dome and Deep Bowl Enameled 
iteel seem to represent modern practice. 

The local lighting was usually found to be not so well provided 
r. A very nondescript collection of reflectors and bare lamps 
eating objectionable glare was common. 
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Spacings of units, in most instances, were found to be much 
wider than practicable for the provision of uniform light distribu- 
tion. 


While the importance of periodic cleaning of lighting equip- 
ment was found to be universally admitted, but few of the mills 
visited practiced regular maintenance schedules. This situation 
was usually explained by the difficulty experienced in obtaining 
suitable labor. 





With but two exceptions, the plants investigated were found to 
be using 250 volt nominal lighting service with either 250 volt 
lamps or two 125 volt lamps in series. The lighting circuits in 
many cases were tapped direct from the power feeders supplying 
the auxiliary drive within the building to be lighted. The dis- 
advantage of operating two lamps in series and superiority of 110 
volt (or thereabout) lamps for general lighting service are too 
well known to require discussion here. The practice of operating 
lighting circuits from d-c. power feeders, particularly in steel 
mills, is extremely objectionable as severe voltage fluctuation is 
prevalent due to the constantly changing load on the generators. 
This results in bad flickering of the lights and of course affects the 
life and light output of the lamps. In one mill visited by the writer 
a variation of almost 2 to 1 in intensity was noticed at times.| 
Figure 10 shows a voltage chart taken across the bus bars in a 
typical steel mill substation. From this chart it will be noted that 
a variation of 240 to 315 volts occurred over the period of observa-} 
tion which means that neglecting a slightly variable line drop the 
lamp voltage varied in the same proportion. 












Separate lighting circuits, or in the case of a-c. drive mills; 
high voltage distribution with a step down thru transformers and 
buck and boost regulators where voltage variation is extreme are 
best adapted to the producing of satisfactory mill lighting. In 
many cases schemes of this kind are in the course of installation or 
under consideration. 


THE TREND IN LIGHTING PRACTICE DURING 
THE PAST TWELVE YEARS 


Table II following, gives the prevailing intensities in certain{ 
areas of typical steel mills in 1911 as found by an investigation} 








Fig. 9.—Night view of a well illuminated bar storage warehouse. The intensity, 2.5 
| foot-candles, provided here is adequate for stacking and loading. A higher intensity is provided 
‘for the machines visible at the rear end by using 500—rather than 300-watt lamps. 


‘ 








Fig. 10.—Reproduction of a typical d-c. bus voltage chart, illustrating the widely varying 
Wvoitage conditions existing on d-c. power feeders. 











Fic. t1.—Night view a of well lighted foundry. 300-watt Mazda C lamps in RLM Stand-} 
ard dome reflectors on centers 10 x 40 feet are mounted on the ceiling trusses, 35 feet above the 
floor. An intensity of over five foot-candles is provided. 








bia. 12.—This picture of a typical foundry gives one a good idea of the rough footing anc 
generally hazardous conditions encountered in this industry. A number of 300-watt Mazda 
lamps in RLM Standard dome reflectors on 10-foot centers in this 40-foot bay provide adequate 
light (five foot-candles) to make objects clearly visible and minimize accident hazards. 
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conducted at that time, and figures obtained by the author on the 
extremes good and bad constituting present practice. 


Intensity—ro11 Intensity—1923 


Process or Foot-Candle Foot-Candle pomae ae 
Area Average Average Average g 
ree High Recommended 

Thoroughfares 0.087 0.02 0.3 0.1 - 0.5 
Ore Yards 0.19 Ole 0.3 
Loading Yards (No Inspection) 0.14 0.2 0.4 0.25- 1.0 
Loading Yards (Inspection) 0. 36 0.5 0.75 
Open Hearth Mould Yards 0.29 O12 0.4 
Stock Houses — — —_ 0.5 — 1.0 
Open Hearth Charging Floor 0.14 0.3 1.5 I.0 — 2.0 
Open Hearth Casting Floor 0.17 0.5 t's 
Soaking Pits a 0.15 1.5 I.0 — 2.0 
Reheating Furnaces 0.46 é| sD 2.0 — 4.0 
Puddling Furnaces oe oul has 2.0 — 4.0 
Annealing Furnaces | — 0.5 as 2.0 — 4.0 
Blast Furnaces 0.25 0.4 0.7 1.0 — 2.0 
Cast Houses 0.22 0.5 I. 1.0 — 2.0 
Mixing Houses suis ee ee 2.0 ~— 4.0 
Bessemer (Converter numa i! Oat, 
Bessemer eal Platform 9 4 3 
Ingot Stripping —_ 0.4 I 1.0 — 2.0 
Blooming Mills 0.32 0.5 2 2.0 — 4.0 
Cooling Tables — — — 2.0 — 4.0 
Rail & Structural Mills — 0.5 2 2.0 — 4.0 
Pipe & Tube Mills 0.3 0.5 1.5 2.0 —- 4.0 
Chipping — 3.5 7 4.0 — 8.0 
Hot Mills 0.34 0.75 3.5 2.0 — 4.0 
Cold Rolling 0.65 rs 5 4.0 — 8.0 
Shearing (Close) a 1.5 I 8.0 -I12.0 
Inspection (General) — — — 4.0 — 8.0 
Wire Drawing 0.87 1 3 4.0 — 8.0 
Pipe Threading O'76'i)) 1.5 5 4.0 — 8.0 
Nail Making — — — 4.0 — 8.0 
Pickling — 0.25 I 2.0 — 4.0 
Tinning — 1.5 5 4.0 — 8.0 
Tin Plate Sorting & Inspecting —_ 5 12 10.0-15.0 
Warehouses — I 2.5 2.0 — 4.0 
Shipping 1.5 3 3.0 — 6.0 
-Machine Shops Tes? 2.5 4 4.0 — 8.0 
Power Houses ae ies 2.5 6 4.0 — 8.0 
Layout & Fabrication —. — — 4.0- 8.0 


(Structural Steel) , 
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Because of the wide variation in existing practice it was con-. 
sidered desirable to average the high and low readings separately » 
citing each rather than quote a common average. 

A careful study of manufacturing requirements and conditions | 
has led the author to the conclusion that the intensities listed in | 
the fourth column are economically desirable in mill lighting. 


Consideration of these figures clearly illustrates that there has | 
been a distinct trend toward higher intensities in the lighting of ’ 
steel mills during the past twelve years, as with but few exceptions, | 
the average low values of today are well above the average in 1911 
while the average, high values in all cases represent a marked in-| 
crease. 

In only three of the plants investigated however, were lighting 
values of the higher order found to exist generally, which fact com- 
bined with the radical departure between high and low averages, 
would seem to indicate that there has not been a full appreciation 
of the value of good lighting and there is still room for marked 
improvement in the lighting standards of the industry as a whole. 
It should here be noted that the mills having the higher intensities 
were all of relatively new construction having been built within 
the last six years whereas the others were considerably older. 
This in a measure explains the variation in values. 























It is interesting to note the comparative attitude of the operat- 
ing engineers responsible for lighting practice in mills having goodl 
and poor lighting. In the case of the better installations it was4 
invariably expressed that good lighting had proven beneficial froma 
the standpoints of safety, supervision and elevation of morale, in 





lighted and the other poorly lighted. When operators were 
transferred from the well lighted to the poorly lighted building they} 
objected so strenuously to the gloomy, forbidding and hazardous4 
surroundings that the remodeling of the lighting equipment was4 
practically forced. | 

On the other hand the operating engineers in the poorly lighted 
mills, while considering the necessity for artificial light in somes 
form, usually looked upon it as being a consideration of secondaryy 
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importance. Installation in most of these cases are a result of 
individual opinion and past practice within the mill. Often a 
guess is made as to how much light is needed, this is provided, and 
as long as no complaints are registered by the workers the illumina- 
tion is considered satisfactory. It should be obvious that such 
practice is far from commendable and it is questionable whether 
the workers as individuals are capable of judging the suitability of 
lighting standards. Most workers are faced with a lack of know- 
ledge of any conditions other than those beneath which they work 
and as a consequence are easily satisfied with the conditions at 
hand. That they would favor better lighting is indicated by the 
instance previously cited. 

The opinion seems to prevail that in most areas it is necessary 

to simply furnish enough light to find one’s way about and that the 
hot metals and furnaces will furnish enough illumination for closer 
work. 
A careful consideration of the problem of steel mill lighting 
leads to the conclusion that while one of the prime functions of 
artificial light within and without the mills is to promote safety, 
this factor is somewhat more involved than would seem the case 
on hasty consideration and further there are other benefits to be 
derived from the proper application of light. 

The visibility of objects in steel mills is inherently low because 
lot the characteristically dark surroundings and dark nature of the 
objects themselves. Since we see objects by the light they reflect 
i o the eye it follows that to easily distinguish dark objects re- 
quires more illumination than if they were light in color. Largely 
for these reasons the steel industry requires more illumination 
from the safety standpoint than do most other trades. 


| 

The hot metals worked, while unquestionably instrumental in 
building up the lighting at the working points, are present only 
lat intermittent periods and are constantly moved from place to 
iplace. This condition creates a demand for more rather than 
less light. The incandescent metal represents sources of high 
brilliancy within the worker’s field of view. If the adjoining areas 
are dark the eye does not see clearly as it moves to the dark sur- 
| oundings from the bright work and vice versa. The wider the 
contrast in intensities the greater the degree of readjusting and the 
longer the time required by the eye to adapt itself as it moves about. 
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Mention has already been made of the abnormal amount of 
foreign material present in the atmosphere, hence to overcome the 
resultant absorption a relatively high wattage for a given area is | 
necessary to produce the desired intensity on the work. 

Moreover, even with frequent cleaning, depreciation of re- | 
flecting surfaces is a factor which must always be given careful | 
consideration and adequate provision made to insure a satisfactory } 
average value of illumination. | 

Production increases through speedier movements on the part | 
of the workers, cleaner surroundings and easier supervision of 
labor, derivitives of good lighting often discussed in the past, are § 
also made possible in many areas of the steel mill. 





















FOUNDRY LIGHTING | 

In view of the close relation between the modern foundry and 
the Iron & Steel Industry as herein discussed it is felt that a brief} 
consideration of Foundry Lighting practice is appropriate at this# 
point. 








FLOOR MOULDING AND POURING 


Inasmuch as both of these operations are carried on within 
the same area though at different times of the day the lighting} 
system will be the same. Moulding calls for the greatest accra 
and is usually done during the early hours of the day. For pouring} 
and stripping the lighting demands are less exacting. This wor | 
is carried on during the latter part of the day when natural light; 
is poor and the air in the foundry is full of dust and gases 
However, if provision is made for proper light for moulding, ¢ 
lower though adequate intensity will automatically prevail fo 
pouring and stripping. The intensity employed should range 
from 4 to 12 foot-candles depending upon the character of the 
product. For the manufacturing of heavy castings where the 
finish of the mould is not important intensities of from 4 tc 
6 foot-candles are sufficient. In foundries casting small parts 
requiring careful finish and consequently closer discriminatiory 
of detail from 6 to 12 foot-candles should be provided. 












BENCH MOULDING, MACHINE MOULDING AND CORE MAKING 


The lighting of this type of work, which calls for some dist 
crimination of detail since the pieces turned out are usually small}| 
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and must be accurately moulded, can best be accomplished by 
what is termed a “localized general’ system. A high intensity is 
required along the row of machines or benches while a lower 
illumination is sufficient for the remainder of the room. ‘This 
effect of varied intensity is obtained by placing the lighting units 
relative to the machines. The maximum intensity is thus delivered 
from the correct direction and the spread of light takes care of the © 
surrounding areas. Such a system has practically all the advan- 
tages of the drop light in getting the light where it is needed and 
yet the lighting units are not within reach. 


CHARGING TUMBLING AND CLEANING 


The work coming under the above classification is of a relatively 
rough nature and requires little discrimination of detail. Inten- 
sities of from 3 to 6 foot-candles are adequate. Distribution 
should be such that harsh shadows and dark corners will not 
result and hatchways and pits be readily visible. 


In lighting equipment as is true of practically all other devices 
used in steel mills permanence, simplicity, durability, efficiency 
and ease of maintenance are essential requirements. 


Porcelain enameled steel reflectors of the RLM Standard 
dome variety and, in the case of buildings which are narrow com- 
pared to their height, porcelain enameled steel reflectors of the 
angle type mounted below the crane rail represent the best types 
of the reflectors available for interior lighting. For exterior 
lighting the RLM standard dome, the radial wave, enclosed 
forms of street lighting units and floodlighting units are admirably 
adapted. 

LIGHTING COSTS 


From the standpoint of energy cost the operating expense of 
the average steel mill lighting installation is exceedingly small in 
comparison with the total production cost. Although conditions 
vary widely in different mills the following citation serves to 
illustrate the relative magnitude of the lighting expense. In a 
typical mill the cost of energy was found to be six-tenths of one 
cent per kw-hr. This figure is typical, the cost usually ranging 
from five-tenths to seven-tenths cents. The total average energy 
consumption per ton of Open Hearth steel produced in the 
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particular mill reckoned over a period of twenty-four hours 
including all drives, cranes and lighting was approximately 
4s kw-hr.. It may be conservatively estimated in a mill of this 
type that the lighting load represented about 2 per cent of the 
total load. Since the energy consumption per ton figure is based 
on a typical twenty-four hour period and since in this as well as 
the average mill there are about 12 hours of daylight work and 
12 hours of work under artificial light, the actual energy consumed 
per ton output under artificial light was 2 x 0.02 x 45 =1.8 kw-hr. 
At a cost of six-tenths cents per kw-hr. this represents a cost of 
light of 0.6 x 1.8 x 1.08 cents. In a mill rolling sheet this figure 
would of course be somewhat larger but as a maximum would 
probably not exceed ro cents per ton. 


In the face of these figures and considering the influence 
of properly applied illumination in promoting safety, increasing 
production, reducing spoilage, elevating the morals of the workers 
and facilitating supervision it is difficult to excuse the low inten- 
sities so commonly encountered and easy to justify the occasional 
installations of good lighting. 
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DISCUSSION 


F. C. CALDWELL: In drawing up the Industrial Lighting Code 
for Ohio the only concerted opposition we experienced was from 
the steel industries of the state. The explanation for this I think 
is found in two conditions; one has been mentioned in the paper, 
that is, that the steel manufactures have always been used to 
doing their work by the light of the hot metal, and it is hard for 
them to feel that any more light is needed than that which has 
been used for generations. 

- Again, the steel industry is one of the oldest industries and in 
general we find that the older an industry, the more conservative 
it is. For instance, the rubber industry is one of the youngest, at 
least in its present state, and that was the industry from which we 
received the most cooperation. They looked most favorably 
upon the movement for better lighting in industry. 

These two characteristics of the steel manufacturer must be 
overcome before a general improvement in steel mill lighting can 
be attained. 

J. A. Hozveter: When I began my work for the Industrial 
Commission of Wisconsin, I came across the argument several 


times that Professor Caldwell has mentioned; namely: that the 


hot metal in the foundry or mill would provide sufficient illum- 
ination, with some small amount of supplementary artificial light- 
ing. But it was not until some time ago that I heard the prize 
argument against higher illumination, when, in talking to the night 
superintendent of a factory, after we had measured the illumina- 
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tion and found it to be of very low order, the man replied, ‘‘Well, 
you know, I wouldn’t want more illumination in this factory; lam > 
afraid if it were too bright it would put my men to sleep.” 


H. W. Dzsarx: I believe that in the last few years there has — 
been a marked difference among the steel people, but I note that 
the paper omits one phase of the steel industry, that of the con-_ 
centrating mill. : 


Iron ore today is not sold in the crude form that it used to be. 
It is concentrated to a high value and the premium on the ore is 
based upon the value of it; that is, the percentage of iron. 


You perhaps all know that when a man js buying raw material 
he endeavors to get it at as low a cost as possible, and that creates 
a condition of high competition among the concentrating mills. 


There has been within the last few years considerable develop- 
ment in the concentrating mills. They have raised their amount 
of production and decreased their cost of production by automatic 
machinery, use of magnetic separators, magnetic clutches and the 
like. I have in mind a particular concentrating mill that used to 
turn out 1500 to 2,000 tons of ore a day, using 18 men within the 
mill; due to the use of automatic machinery they have reduced the 
number of men employed within the mill to s—that means num- 
ber of men per shift. 


As soon as ‘they did this however they came across a condition 
that caused them a considerable amount of trouble—that of tramp 
iron. Tramp iron would get into escalators and crushers and some- 
times cause damage. Lighting intensities were therefore consider- 
ably increased so as to allow these few men in the mill to pick up| 
the tramp iron and push the buttons which are used to release the 
magnetic clutches and stop the operation long enough to pick out 
the tramp iron. 

I know that in northern New Jersey there is a considerable 
field right now for higher intensities of illumination in the steel 
industry; of course, there we get the mining end of it and not the 
production end. 


F. W. Loomis: Have had no specific experiences with the iron. 
and steel industry since I have been located in Pittsburgh but can 
cite something of a parallel nature in Canada; it is with regard to 
another metal—aluminum. 
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I had the privilege of visiting a plant in Quebec Province about 
eight months ago and I do not believe they even attempted to 
guess at intensities because when I went around with the superin- 
tendent to check the intensities as found, in one process that might 
be called medium fine at least—that is, changing rods to tubes— 
I checked about a quarter to one-half of one foot-candle. That 
was about as high as anything that was discovered in the plant. 
From this investigation, the superintendent decided to take de- 
finite steps to build up his intensities. He was sold on the idea of 
what higher standard illumination really means from the stand- 
point of production. 

The reflectors found there were of an old type aluminum finish, 
and the fumes from the plant had so deteriorated them that they 
were worthless. I recommended something that could be more 
easily cleaned, and I believe that recommendation had been acted 
upon. 

This would imply that the iron and steel industry and the 
metal industry as a whole are receptive to our suggestions if same 
are brought to their attention. It is perhaps sometimes quite a 
job to make them accept higher intensities but the field undoubt- 
edly is awaiting us. 

In the Pittsburgh district I understand something has been 
done toward increasing or attempting to increase the illumination 
standards but there is still a wonderful field awaiting us. 


Tuomas G. Warp: I would like to ask on the matter of cost, 
if the hourly demand was taken into consideration on that in 
figuring the lighting and diversity factor, which would materially 
lower that cost factor. 

A. S. Turner, Jr.: Mr. Rademacher’s calculations of the 
lighting cost have all been figured with a considerable factor of 
safety, so that no steel mill engineer might state that his figures 
were lower than was actually the case. This would cover any 
discrepancies which might arise in the various processes of manu- 
facture. 

G. H. Sticknry: My recent experience in steel mill lighting 
comes second-handed through Mr. Rademacher, so that I have 
not a great deal to add regarding present practice. I have been 
over Mr. Rademacher’s work quite carefully and have consider- 
able confidence in the conclusions which he has reached. 
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My most careful study in steel mill lighting was made about 
1909 or 1910. At that time we succeeded in pointing out to the 
mill engineers the importance of better lighting. Our investiga- 
tions showed that some mills were using something like ten times 
as much light for certain processes as were others. These compari- 
sons called to the attention of the mill people, resulted in a con- 
siderable advance in the average practice, as referred to by Mr. 
Rademacher. 


There has been a certain amount of advance since 1910, but I 
believe the practice is still far below what economic conditions 
would warrant. Steel making is a night and day process, requiring - 
men to work for long hours by artificial light. Hence the ad- 
vantages to be gained through enhanced safety and increased pro-_ 
duction are relatively large. Furthermore, fortunate circumstances 
provide steel mills with remarkably low price power, so that the 
cost of good illumination is comparatively small. 


The failure to provide better lighting does not appear to be 
due to its cost, but rather the fact that those responsible for the - 
lighting have many other complicated engineering problems, in- 
volving large expenditures, and this has a tendency to divert 
their attention so that lighting does not have the consideration 
which it really needs. 


Due to the liability of mechanical accidents, many of the pro- 
cesses of steel making are quite dangerous, so that it is important 
that the steel industry should recognize that good illumination is _ 
one of the most important agencies for preventing accidents, and 
furthermore, that it is the one guard which speeds production — 
rather than retards it. 


O. F. Haas: I would like to ask Mr. Turner if in the plants — 
visited the exterior lighting in the main consisted of flood-lighting — 
or general overhead lighting using enameled steel reflectors or 
refractor units. : 





A. 8S. Turnmr, Jr.: The equipment now being used in steel | 
mill yards consists, in a small degree, of that employed for street 
lighting, such as prismatic refractors. The majority of this light- 
ing is merely the incandescent lamp with radial wave reflectors 
or plain porcelain enamel steel reflectors. 
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Wa.ttTEeR Sturrock: As shown by this paper, the levels of 
illumination in steel plants in general are found to be quite low. 
About two years ago, one of the steel plants that I visited had an 
intensity of illumination of only about a half foot-candle. I talked 
with the electrician about the value of better lighting in steel 
mills and soon afterwards he began studying lighting from the 
standpoint of accident prevention. He was particularly interested 
to find out just what he could do to improve the conditions so that 
his plant would be a safe and better place to work. 

As a result of his study as to the value of better lighting he 
planned the lighting system for a new building which they were 
adding to their plant. In this new building he installed 1,000-watt 
lamps on 20 x 20 foot centers, producing a level of illumination of 
about 18 foot-candles. He later reported that this level of illum- 
ination was very highly appraised by the executives of his plant. 

I think this illustrates the favorable attitudes which many 
electricians would take toward better illumination in steel mills, 
if they would more carefully study the value of higher levels. 

I would like to ask Mr. Turner in connection with this paper if 
he knows how many plants were visited. 

A. 8. Turner, Jr.: Twelve, I believe, in all. 


HOSPITAL OPERATING ROOM LIGHTING WITH RE- 
PRODUCED DAYLIGHT* 


BY NORMAN MACBETH** 


SYNOPSIS: The hospital operating room is probably one of the most important fields for 
artificial illumination, a human life may depend upon what the surgeon does not see. Daylight 
color for the proper identification of the various tissues is of extreme importance. During the 
operating period—throughout the year, with a minimum in the heated summer months—the 
natural daylight is frequently inadequate due to dark days, storm clouds and the shortened 
period between dawn and sunset. .: 

A description is here given of an artificial daylighting equipment furnishing a light of day- 
light color with the mechanical arrangements in two operating rooms where the demands of 
the surgeons have been satisfactorily met. 

The intensities throughout the operating table zone generally run vee 50 to over 65 foot- 
candles with current densitites of 12 and 16 KW per room. The light is multidirectional to- 
wards the center of the room; a scheme of localized general illumination. The shadows are 
softened and are illuminated to an extent just less than the high lights. 

None of this equipment is below the ceiling and none of it is directly over the table thus 
removing the dust and radiant heat objections present with the usual table operating luminaire. 


In a recently published article by an experienced investigator, 
the statement was made that in an inspection tour through over 
one hundred hospitals located in the East only two had lighting 
equipment of comparatively modern type—artificial illumination 
having received practically no attention—the fixtures and methods 
of lighting being those prevailing in the early days of electric 
lighting; while the latest in instruments, sterilizing apparatus—_ 
operating and antiseptic devices were in use; the lighting equip-_ 
ment almost without exception was on a par with the type of. 
sterilizing apparatus which would be represented by a wash boiler 
and a gas burner. | 

In no other class of buildings, particularly in the operating 
rooms, are the lighting requirements so exacting. Probably in no- 
other profession is the ability to see quickly and truthfully as. 
important as in surgery where a human life is at stake. | 

The location of operating rooms on upper floors with liberal 
window and skylight exposures results in a high standard of illumi- 
nation with which the customary artificial lighting intensities | 
suffer by comparison. Artificial light as a consequence has been 
largely used for emergencies and for cleaning up purposes, and | 
because of the almost universal belief that artificial light is ex- 
pensive and daylight cheap, but slight effort has, in the past, been 


made to build up the illumination to the necessary high intensities. . 


*A paper presented before the New York Section of the Illuminating Engineering | 
Society, April 19, 1923. 
**Tluminating Engineer, Macbeth Daylighting Co., New York, N. Y. 
The Illuminating Engineering Society is not responsible for the statements or opinions 
advanced by contributors. 
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| Photometers have been but comparatively recently used by 
telectrical engineers and hence it is only within a few years that it 
thas been realized that the intensity of artificial light generally 
ssupplied was so far below that available in the well designed operat- 
ling room on clear days. There has also been a failure to appreciate 
tthe considerable importance of color of light in its effect on the 
icolor of objects viewed under it. 

| Low hung fixtures directly over the operating table have also 
teaused difficulty because of radiant heat. One surgeon recently 
idescribed the equipment in his operating room as ‘an inverted . 
ibath tub full of hot glaring incandescent filament bulbs”, which 
during an operation necessitated the constant attention of one 
jnurse to wipe the perspiration from the faces of the operating 
surgeon and his assistants. 

| These typical bath-tub fixtures were not always sanitary, they 
icollect dust, and the light distribution, when highly concentrated, 
was generally productive of dense shadows. 

| At all times the color of artificial light has differed so widely 
from that of natural daylight that tissues, blue veins, arteries, bile 
ducts and so forth were seen with extreme difficulty, if at all. 
\ Artificial light as most frequently used has failed on many counts 
Ibut particularly in color, intensity and distribution. Shadows 
ashould be softened—they should not be in absolute darkness nor 
yet eliminated through perfect diffusion of light, with as high 
iimtensities of illumination on those surfaces where shadows are 
natural as on the highly lighted parts. An absolutely uniform 
illumination of all surfaces whether horizontal, inclined or vertical 
twould be nearly as unsatisfactory as the other more usual extreme 
of high lights and dense shadows. 

| Nor has natural daylight been wholly ideal—it has only been 
comparatively better. It is not uniform in intensity throughout 
ithe day nor throughout the year. Even on equally clear days the 
liintensities between summer and winter vary tremendously. 
















| With cloudy days to contend with even natural daylight from 
liday to day is none too good—at its worst it is quite as inadequate 
as has been the average artificial lighting equipment. 

| Because of the necessity for quick accurate vision natural day- 
light therefore has only partially met the situation—met it only on 
\clear bright days and for a limited number of hours per day. This 
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quality of daylight is exceedingly limited during many months of 
the year and in some localities, in cities and towns adjacent to} 
the Great Lakes, the percentage of cloudy or not clear days is welll 
over 50 per cent throughout the year—by. far the greater number: 
of clear days coming in the summer when the operating rooms are} 
in less constant use because of vacation periods and the puttin 
over of many operations to evade hot weather. | 
To adequately illuminate operating rooms with an electric| 
daylight merely required a photometric study of operating roomsi| 
under satisfactory conditions of natural daylight illumination, 
and a working back to designs in lamps adapted to the reproduc+| 
tion of daylight, to enable plans to be worked out which woul 
result in the proper illumination of an operating room. Depend 
ence for the final approval of the result was left to the judgment 
of the operating surgeons. 
Operating room lighting with the equipment used in these rooms 
is therefore not an experiment—nor is it particularly new—it isi 
just an engineering adaptation, fitted to the operating room, o 
the equipment used in other fields during the past seven years 
It has done more, however, than to just illuminate an operatin 
room for emergencies, for late afternoons and exceptionally cloud 
days. It is represented as an improvement over all but the Pi 
best natural daylight hours of the year in operating rooms equippec 
with more than the usual glass window and skylight areas. It ha 
proven to be a system of lighting so adequate that operating 
rooms may be located with a view only to their convenience—n¢. 
longer is it necessary to go to the top floor of the building. 
An operating room with this system of lighting may be locateq: 
in the basement just as satisfactorily if from the standpoint of 
convenience that location would be desirable. | 
So far as the eye can judge, and the operating surgeon 
opinions taken, it is natural daylight duplicated or reproduced aw 
to color, distribution, and the necessary intensity, and in addition. 
is available at any hour from any electric service on which standard 
incandescent electric lamps can be used; direct or alternating 
current and voltages—r11o to 125, and 220 to 250 volts. 
A light permitting exact, accurate color discrimination anc 
freedom from the usual dust collecting intense heat-radiating 
lighting fixture over the operating table—a lighting effect simila: 














Fig. 1.—Exterior view of 
Macbeth Daylight Lamp 
No. WDico showing pro- 
vision for ventilation, the 
suspension rods and the 
method of attachment to 
the ceiling. 





BOLT SUPPORTS 








Fie. 2a.—Sectional view of Lamp. 

: Lamp and reflector unit is adjust- 
or Peg ae care e able as to maximum light distri- 
bution from vertically downward 
to 35° from the vertical, towards 
center of room. The final adjust- 
ment is dependent upon the size of 
room and the height of the ceiling. 
The procelain lamp socket used is 
also readily adjustable to properly 
center the filaments of the 500 
watt or 1000 watt flood lighting 
bulbs for which this equipment is 
designed. 
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Fie. 3.—Natural Daylight. The ad- 


mitted ideal on days when day- 
light of good quality is avaliable. 
Operating Room, Women’s Clinic 
Building, Johns Hopkins Hospital, 
Baltimore, Md. 

North Window 10 ft. high by 8 
ft. wide, ‘‘hammered”’ glass. Floor, 
green tile. Sidewall, to 60 in. 
height—green tile. Room 24 ft. by 
25 ft. Ceiling height, 16 ft. 
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to that of an all glass ceiling with a clear sky continuously over- 
head. 

In planning the installations here illustrated the hospital 
authorities emphasized, first,—the necessity of furnishing a high 
intensity of illumination; second,—a diffusion of light which would 
result in softened shadows—that is, illumination in the shadows; 
third,—the importance of keeping all lighting equipment away 
from the region over the operating table, thus eliminating the 
dust and heat hazards; and fourth,—an arrangement of lamps, 
screened in such a manner as to eliminate the glare factor. 

Glare is objectionable because of those retinal burns resulting 
in more or less persistent after images which for an interval, long 
or short depending upon the exposure and the adaptation of the 
eye, blurr the vision. This is an almost instantaneous result of 
exposing the normal eye, even for a flash view, to the over bright 
filaments of our present high efficiency, high temperature concen- 
trated filament light sources. The glare possibilities lie in that 
zone above the critical angle of 60° from the vertical. The type of 
lamps used in these installations has a sharp cut off at 55° from the 
vertical,—a more than 5° safety factor. 

This system of daylighting equipment has been developed 
during the past seven years for many specific uses in industrial, 
textile and mercantile fields where a demand existed for seeing 
colored objects and materials as they appear in good natural day- 
light. To enable exacting inspection and critical examination 
processes to be carried through on dark days and at night with 
results equal to the best natural daylight hours, and without the 
customary eye fatigue associated with artificial light. 

The reproduced daylight from these lamps or lighting equip- 
ment is from ordinary clear glass Mazda or tungsten filament 
bulbs the light from which is corrected by passing through a 
special light filter so that it is modified in quality to be the same 
as natural daylight in its effect on colors. It is not loosely des- 
eribed as an ‘‘approximate daylight” nor as a light approximating 
the quality of sunlight nor of any particular daylight. So far as 
the eye and color are concerned it is daylight. That this effect has 
been secured has been vouched for during over seven years of 
practical every day use by hundreds of color experts checking 
against good natural daylight with thousands of colors, shades and 
hues in ell kinds of fabrics and materials. 
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This system should not be confused with the various arrange- 
ments of ordinary blue glass lamp blubs. While these blue bulbs 
have been called ‘‘daylight lamps” by the lamp manufacturers 
it is generally known that this is regarded by them as a convenient 
commercial designation and is not a claim for technical accuracy. 
The fact is that the color of light with these blue-green bulbs lies 
on a light-color scale about midway between that from the ordinary | 
clear glass lamp and the direct light of the sun at noon in the sum- 
mer. This light is therefore, owing to its midway position, as close 
an approximation to ordinary artificial light as it is to sunlight. 


All workers in color know that observations in direct sunlight 
are misleading and of little value in color identification, and they 
appreciate also that there is a wider difference between the color 
of light from a north sky exposure and direct sunlight than there is | 
between sunlight and ordinary artificial light. | 

The filters used are solid glass with the color in the glass appear- | 
ing dark blue by daylight and clear and colorless by transmitted | 
artificial light. They need only be kept clean by an occasional 
washing and used with standard clear glass incandescent electric 
bulbs of the proper size and voltage rating. | 

If taken in time, when planning new buildings and credited 
with window and skylight construction costs which may be saved | 
the total cost of this lighting equipment is exceedingly moderate. | 


Much depends upon the size of the rooms and particularly 
upon the height of the ceilings, which largely determine the num-. 
ber of lamps to use. 

The maintenance costs—for bulb replacement and electrical | 
energy are of course greater than for the present admittedly 
inadequate luminaries. These costs depend largely on the costs 
of the electric service and in terms of other equally important. 
costs have been shown to be comparatively insignificant. They 
may run as high as fifty cents to a dollar per hour’s use—a total cost | 
most nearly comparable with that for gauze and bandages or a. 
small percentage of the operating room charge or a lesser percent- 
age of the standby charges for surgeons and attendants during an 
operation. 

The relatively higher intensity of light on the operating table} 
shown in Figure 4 resulted in an over-exposure of the photographic| 
negative at this point. The intensity of light on a horizontal plane 








Fig. 4.—Electric Daylight, Johns 
Hopkins Hospital. 

Fourteen Macbeth Daylight 
Ceiling Lamps (Fig. 1), with 
1000-watt clear glass bulbs and 
Southern overcast-sky equiva- 
lent daylight filters, arranged 
in a rectangle on 9g ft. by 12- 
ft. centers. 
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Furred Space in Ceiling 
Ventilated 


Lamps supported from ceiling of 
furred Space 


Window 








Fic. 5. Natural Daylight. Operat- 


ing Room. Boston Lying-In 
Hospital, Boston, Mass. 

Window 8 ft. wide extend- 
ing to ceiling. Room, 14 ft. by 
16 ft. Ceiling height 10 ft. 6 in. 

“‘Shadowless daylight’ as 
shown here is a phrase that 
cannot be applied to the light 
distribution received even from 
this large window with north- 
ern exposure. 
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36 inches high and over the area extending radially more than 
s feet from the center of the room, that is over a 10 foot circle, ran 
above 5s foot-candles. This intensity was appreciably greater 
than that secured at noon on a clear day with natural daylight. 


The artificial light has the additional advantage in being di- 
rected from four sides, equally illuminating vertical and oblique 
surfaces where with natural daylight, owing to the window loca- 
tions, the surfaces facing the windows were highly illuminated 
with somewhat dense shadows on the other two sides. 


The negatives of both operating rooms are without retouching 
and the prints are free of art work. Just plain photographic 
comparisons by local disinterested photographers, using exclusively 
of course the sources of light shown in each illustration. 

In the illustrations of the Boston installation, Figures 5 and 6, 
the photographer used particular care to give both exposures 
equal time, with the same lens stop, same kind of plates, equal 
development, etc. 

The curtains shown on the windows were fitted shortly after 
the electric daylighting was used. Visibility conditions were 
found to be much better when the view of the sky and the varying 
intensity of the natural daylight due to the alternating clear sky, 
light and dark clouds, were shut out. 

At night the curtains reflect into the room that light which 
would otherwise be lost by transmission through the window glass. 

Photometric measurements in the Boston room, Figure 6, 
showed an average of over 65 foot-candles on the 36-inch hori- 
zontal plane, uniform over a ten foot circle. Compared to the 
results in Figure 5 with natural daylight, the artificial light 
intensities were higher at all points beyond two feet from the 
window and from the center of the room to the wall opposite the 
window, the intensities were from three to seven times those of the 
natural daylight. The artificial light was appreciably more uni- 
form while retaining, of course, all the color advantage of natural 
daylight. 

Of course there have been objections raised to this system, 
relatively few by those who have seen either of these two installa- 
tions; our chief difficulty is with those who are color blird either 
wholly or partially and with the greater number who are actually 
unaware of the enormous difference in color between ordinary 
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artificial light and daylight. ‘They apparently have no apprecia- 
tion of the unseen detail under artificial light and the visual 
possibilities of daylight; and particularly of the advantage of in- 
tensities of over fifty foot-candles even with objects or materials 
having high reflection factors. It has long been my conclusion 
that much of the going to the window or the store door to see 
what a fabric looked like was not so much because of color but 
for the detail revealing high intensity daylight, which would help 
out the sense of touch with that of sight—to see whether a material 
was pressed hair, woven wool or matted cotton fiber. 


The effective filtered lumens per watt on a photometric basis 
from this equipment will probably not exceed five and may in 
some instances be as low as two. This is not due to an inefficient 
filter any more than a wire screen which would only pass sand and 
gravel not exceeding the size desired would be inefficient if it 
passed practically all of the size for which it was designed and none 
larger. 


This subtraction method of correcting the light from Madaz 
lamps necessitates considerable absorption in the red, orange and 
yellow to even up this part of the spectrum with the violet and 
blue proportions in the light of the tungsten lamp wherein it 
differs from visual daylight. To return to the screen and sand, 
what would you do if desiring sand and gravel not exceeding that 
size which would pass a one quarter inch mesh if you found the 
laborer after shovelling ten cubic yards of gravel against the 
screen had secured only one or two cubic yards of the desired size— : 
a three-eights or half inch screen wouldn’t be considered more 
efficient as it would probably pass too much of sizes above that 
desired—you wouldn’t blame the screen but the sand pit and you 
would probably advise your laborer to select a part of the pit. 
further removed from the boulder size and ring more into the 
desired sand and gravel size. The tungsten lamp is our gravel pit— | 
if we have to sift or filter out a considerable quantity of the total 
flux it is because of the large proportion of long wave lengths com- 
pared to the much lesser proportion of shorter wave lengths in 
the visible spectrum of that lamp—but don’t charge the filter 
with being inefficient if the resultant color of light has been pro-. 
perly corrected. An accurate reproduction of daylight is the sole. 
basis on which filters can be rated as efficient or not. The re-) 





Fig. 





6. Electric Daylight, Boston 
Lying-In Hospital. 

Twelve Macbeth daylight ceil- 
ing lamps (Fig. 1) with 1000-watt 
clear glass bulbs and overcast-sky 
equivalent filters are here arranged 
in a rectangle on 8 ft. by Io ft. 
centers. 
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Iria. 7.—Plan and Hlevation. 

Mavatj A suggested typical arrangement 
Elevation of daylight ceiling lamps. The 
number of lamps and size of rect- 
angle depending upon the size of 
the room, the height of the ceiling 
and the intensity of light desired. 








Fia. 8.—Operating Room Emergency 
Lamp as installed in Boston Lying- 
In Hospital. 

Electric hand lamp with ample 
cord, connected to the storage bat- 
tery circuit supplying electric 
clocks, annunciators, etc. In the 
event of a breakdown of the regular 
electric service, Light is here im- 
mediately available at the turn of 
the socket key. This is, without 
doubt, the most reliable always 
ready for use adequate light distri- 
buting combination yet developed 
for operating room emergency 
lighting. 

Extra 50-watt, 32-volt bulb also 
stored in metal, glass door cabi- 
net conveniently located on side 
wall. Cabinet 22 in, high, 12 in. 
wide and 4 in. deep. 
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Glass Enclosed Ceiling 


Fic. 9.—Plan and Elevation. 

ode _ An operating room where day- 
/4 -6 light ceiling lamps are to be install- 
ed in an all glass ceiling below a 
skylight which it was desired to re- 
tain. The X-in-circle symbols in- 
dicate another circuit of ordinary 
artificial light from the same lamp 
structure as the electric daylight. 
This light is provided for clean up 
purposes and for general illumina- 
tion when the room is not in use 
for operations. 





Ventilation 
through dycts 


Fig. 10.—Plan and Elevation. 

An amphitheater suggestion 
where in a comparatively small 
room with a 20-foot ceiling height 
it is planned to supply an octagon- ~ 
al fixture with lamps on practically 
12-ft. centers, the light to be direct- 
ed towards the operating table 
from eight sides and from 20 
individual sources. Ample light 
from this equipment is also 
distributed throughout the room 
for its adequate general illumina- 
tion. Four lamps in the same fix- 
ture on a separate circuit provide 
general illumination of ordinary 
artificial light quality. This circuit 
is to be electrically controlled in 
such a manner however, that it 
cannot be used along with the day- 
lighting equipment, 
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sultant ratio of effective to total flux is most largely up to the 
distribution of luminous flux from the light source—its proportion 
of visible short vs. long wave lengths. And on that point the 
tungsten lamps we all admit as having a high efficiency are only 
relatively high as compared for instance to the carbon filament 
lamps, as in their conversion of energy into luminous flux they are 
still more than 90 per cent inefficient. 

What about glass breakage—suppose a filter should break? 
That is possible but not probable. The glass is a laboratory 
product, is thoroughly annealed, and each filter is cut into quad- 
rants, which are asbestos packed on the edges, supported with 
metal straps and bound together with a heavy channel band. In 
our several years’ experience with thousands of these filters in use 
in all kinds of places we have not known of a single piece of glass, 
falling from a lamp. In a very small percentage of cases a filter 
may crack but we have never had a crack which released a piece 
of glass in this size filter. 

About heat, with twelve to twenty kilowatts per room, twenty 
to forty watts per square foot, the heat generated must be con- 
siderable? It is. It is so uniformly distributed, however, and the 
lamp housing designed as it is to pass considerable quantities of air 
removes by convection what might be described as the excess 
heat, with the final result of a most uniformily ventilated room, 
with comparatively slow moving air of relatively large volume 
and an increased temperature due to the lamps of three to five 
degrees Fahrenheit and that without any forced draught or fan 
exhaust—simply provision above the ceiling for the escape of the 
heated air. | 

DISCUSSION 


W. J. WecLeNER: Mr. Macbeth’s talk has been enlightening) 
literally as well as figureatively speaking and the information he. 
has given us is particularly valuable, as it is based upon a life long: 
study of this subject. 


The Kny-Scheerer Constant Operating Room Light, is a. 
practical light produced after many years of experience in operat-: 
ing rooms with surgeons. It not only meets but exceeds actua-: 
requirements. The function of the operating room light is to pro-: 
duce a constant, clear and concentrated light on the field of operal. 
tion, and one that will show the true pathological colors of the: 
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tissues. Briefly described, the Kny-Scheerer Light is a 24” para- 
bolic reflector with six 75-watt blue daylight lamps, mounted 
about seven (7) feet from the floor. 


In an operation there exists the possible need of moving the 
patient from one position to another. In the case of most con- 
centrated lights, the area of intense illumination is so limited as to 
make it difficult to move the patient without interferring with the 
density of illumination on the field of operation. To overcome this, 
our Operating Room Light has been designed so that the light is 
sufficiently defused to permit the moving of the patient on the 
table without in any way interferring with the density of illumina- 
tion. 

Of greatest importance to the surgeons and hospital authorities, 
to say nothing of the patient is the auxilliary gas lighting attach- 
ment. At first consideration this seems of minor importance, but 
let us go into it further, and let me tell you of an actual fact, the 
hospitals in Roanoke, Virginia, rely entirely on electric power as a 
means of illuminating their operating rooms. Recently, the power 
was shut off for a considerable period, and but one hospital was 
able to continue operating without any delay whatever. This was 
because they had installed our light, and when the electricity was 
cut off, it required but the fraction of a second for the nurse to 
reach up and turn on the gas light and full illumination was re- 
sumed. 

In instances such as this, not only is the surgeon’s reputation, 
as well as the reputation of the hospital injured, but of far greater 
importance is the fact that the patient’s life may be lost through 
even a minutes delay in the operation. 


The fact that this has happened once, simply proves that it may 
happen again, and our light is but a form of insurance against 
tragedy. 

In the construction of this light, we have been able to eliminate 
the disagreeable feature of intense heat. The temperature existing 
in the operating room is go° F. Most lights give out so great aquan- 
tity of heat, as to make the temperature so high, that it retards the 
action of the surgeon. Our light is well ventilated, and it has been 
proven that a surgeon could work continuously for over two hours 
directly under this light. So far as actual construction of the 
light is concerned, the dome outside is constructed of brass and 
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copper with baked white enamel finish. This means that it can be 
easily washed and kept perfectly clean. The bottom is of wired 
plate glass, which eliminates the possibility of broken glass falling 
on the field of operation. 

CHARLES CRANE: This question of lighting operating rooms is 
a very vital question. We have indeed learned a great deal from 
this demonstration today. 

The Kny-Scheerer lamp, with its instantaneous gas connection 
making it possible to get the same candle power in case of an 
emergency from the breaking down of your own plant or the 
current contracted for, is a wonderful thing. 

The other lighting system demonstrated is also quite a wonder- 
ful improvement on account of the perfect daylight and the re- 
production of the human flesh that is given to the human flesh 
present here today. 

I think that both of these equipments should be sent to the 
American Hospital Association so that they may have the neces- 
sary data to furnish Hospital Supts. and others who are vitally 
interested in the lighting of operating rooms and accident rooms. 

Both of these gentlemen should see that their firms give this 
data to the Liberty Bureau of the American Hospital Association. 


S. 8S. Frank: I have nothing particular to say other than on 
the subject of emergency lighting for operating rooms, just brought 
up by Mr. W. J. Weglener. In a hospital now in course of con- 
struction we have taken care of this in a very satisfactory way, 
but unfortunately it is not possible in all hospitals. There will 
be two sources of current supply—the New York Edison d.c. 
street mains for elevators and other motors; the United Electric 
Light & Power Company a.c. street mains for x-ray work and 
general illumination. Each of seven operating rooms has a circuit 
from each of the sources, controlled by an automatic switch that 
instantaneously throws in the second circuit on failure of the 
normal one. } 

At present we are contemplating installing the Artificial Day- 
lighting system. It is quite expensive, but reports from two hospi- 
tals where it has been in use are so favorable that we have about 
come to the conclusion that we can not afford to omit it. 


G.B.Nicuots: The subject under consideration deals with two 
questions. There are two types of hospitals, two types of operat- 
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ing-rooms. In some of the hospitals, take our state hospitals for 
insane, with which I am familiar, there might not be more than 
one operation a day performed in the operating-room, and perhaps 
not as many as that. For that type of operating-room, it strikes 
me it would be rather impractical to go into Mr. Macbeth’s 
system. In the private hospital, where a physician has his own 
private operating-room, he probably would go into the simpler 
system. But in a hospital where they were carrying on continuous 
operations that would require continuous service of the room, the: 
hospital could afford the more elaborate system, and probably 
would, with more refinements. 

A. L. Powretu: My experience in dealing with surgeons and 
hospital superintendents has indicated that the cost of operating 
the lighting is practically negligible. Not only are the conditions 
of use very critical but a relatively high rental per hour for the 
room is obtained. The money which is expended for electric 
power is indeed a very minor item and the hospital can well afford 
to put in the best system that is available. A special storage 
battery has been used in a number of cases as an auxilliary source 
of power. This needs very careful supervision, otherwise the house 
electrician is very likely to neglect it, if it has not been called 
upon for a period of several months and the very time when one 
wishes to use the battery it may be out of commission. A much better 
scheme is to have the auxiliary lighting connected to the line 
serving bells, clocks and indicators, which system being in con- 
stant use, will be properly maintained. 


W. T. BLACKWELL: I remember some years ago when I was 
connected with the City Government in New York City that we 
found the lighting in hospitals antiquated and no provisions made 
for duplicate illumination. We hit upon an expedient of using 
duplicate sources of illumination,—that is both gas and electric- 
ity. While it did not prove altogether satisfactory, yet it was 
the only means that we had of solving the problem. 


One of the difficulties experienced in lamp illumination was the 
heat affected the silvering on the mirrored reflectors used on hospi- 
tal units. Another difficulty was keeping the gas mantle lights in 
proper working order. Almost invariably upon inspection of the 
gas mantel lighting it was found that the equipment had been 
neglected and was not in working order. 
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It would seem to me that the plan of using electricity solely 
with separate sources of supply is a much more dependable plan. 
It does away entirely with the difficult maintenance of the gas 
system. 

_C.C. Cousy, Jr.: It appears to me that in a good many cases 
there would be cause to perform an operation without a general 
anesthetic, that is, cases in which the patient would be conscious. 
I wonder if Mr. Macbeth has any installations in mind which have 
been made with a view to eliminating the glare in the patient’s 
eyes, which might be a source of annoyance. 

Norman Macsetu: Mr. Powell raised the point with refer- 
ence to storage batteries. Undoubtedly, the storage battery makes 
an excellent emergency lighting system but all emergency lighting 
systems should be used every day, the battery should have clock 
or annunciator duty to insure its regular maintenance. | 

I recall a recent breakdown of hospital operating room lighting 
service from an electric plant that had not been off before in twenty — 
years. Can you imagine an emergency service, maintained solely : 
as such for twenty-one years which would be one hundred per 
cent available unless the service was also used for some every day | 
purpose? | 

Many of the members recall that I had some gas experience- 
It was found in department stores and other places where gas | 
mantle lamps were used for emergency, that they were not there 
with the desirable light output when the emergency arose. A 
mantle is highly hydroscopic; it will take up a great deal of mois- 
ture and dust. The gas should be used frequently. You can use 
your electric with it, or use your electric for an emergency, but 
you can’t have an emergency gas lamp unless it is practically 
in constant use. That was found to be the case in a city I recall 
where they had a good many electrical breakdowns and as a con-| 
sequence all the department stores largely dublicated their in- 
stallations. But they weren’t used as duplicate installations; 
they were used as supplement installations. Gas and electric | 
lamps were regularly in use throughout each floor. | 


In talking to a surgeon from Winnipeg a short time ago he told. 
me that at one time, just in the midst of an operation a thunder- : 
storm struck them, and since their plant was of the hydro-electric ; 


type, the lines went down. It happened that somebody had a, 
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flashlight; you can get remarkably good service from such a small 
lamp over a small area. The flashlight saved the situation for him. 


I recall a discussion on hospital lighting in England a short 
time ago, and their conclusion was also that a good storage battery 
outfit with two or three lamps made the best emergency, provided 
they were used frequently. 


Mr. Nichols speaks about an ordinary operating-room where 
they have an operation a day. I have been informed that there 
are days when they cannot operate, as natural daylight is not 
sufficient at any hour of the day. 


While this system here may seem exceedingly elaborate from 
the standpoint of lighting, it isn’t unduly expensive when com- 
pared with other hospital equipment. I was talking to Dr. Win- 
ford Smith director of John Hopkins. He was very proud of his 
new sterilizing outfit. That outfit cost $100 more than the light- 
ing equipment. When our demonstration was made down there, 
one of the surgeons asked, “‘What have we got in the old operating- 
room?” J said, ‘‘You have a 300-watt lamp in the metal reflector. 
We have 16,000 watts here. He said, ‘‘We can’t go from 300 to 
16,000.” But I explained we have to consider such a question 
relatively. If you want this kind of lighting you can have it. 
Let us consider its relative cost. Don’t consider the value of the 
patient’s life, or how important that patient may be, but merely 
the standby charges in the operating-room, even the steam heating 
element, don’t neglect the minor cost of the cotton gauze that they 
sop up and throw away (they don’t waste it any more, they re- 
claim it), and the cost of reclaiming. 


After you have this total, I am not inclined to believe that this 
system will be considered relatively expensive with a cost of 
approximately 50 cents an hour to run. What is 50 cents an hour 
if you can practically lift the roof off your operating room and 
have day-light from all angles and at a desirable intensity 24 
hours of the day? 


That brings up another point. I receive inquiries, ‘‘Send us 
particulars about your lamp,” To which we reply, ‘‘We haven’t 
got a lamp. Send us particulars of your operating-room.”’ In other 
words, it is a lighting system that has to be fitted into the place 
in which it is to be used. 
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CHAIRMAN PowELL: You don’t answer Mr. Colby’s question 
about glare. | 

Norman Macsetu: That question hasn’t been raised in any 
of our installations. We can take care of any reasonable demand. 
as far as glare is concerned for an observer or worker in any 
position in the room, of course, with a patient not under an anesthe- 
tic, lying flat on his back looking up at the ceiling, it is a different 
matter, but so far as any one else in the room is concerned, all the 
other out-off angles in this equipment are below 60 degrees from | 
the vertical; some of the light is out-off at 45 degrees, so it is only 
by looking directly up at the lamps you can see the bright filaments. 
which of course, are tremendously toned down, when viewed 
through the filters. | 

I saw an article, a short time ago, about some operation they 
performed with a local anesthetic, and they clamped a radio. 
receiving set on the patient’s head so he could get a little diversion. 
Perhaps he can get a little side diversion also from a view of these 
lamps. | 








ABSTRACTS 


In this section of the TRANSACTIONS there will be used (1) ABSTRACTS of 
papers of general interest pertaining to the field of illumination appearing in 
technical journals, (2) ABSTRACTS of papers presented before the Illuminating 
Engineering Society, and (3) NoTES on research problems now in progress. 


THE COLORIMETRY AND PHOTOMETRY OF DAYLIGHT 
AND INCANDESCENT ILLUMINANTS ‘BY THE 
METHOD OF ROTARY DISPERSION* 


BY IRWIN C. PRIEST 


SYNOPSIS: Further studies, both theoretical and experimental have been made on toe 
methods of photometry and colorimetry previously proposed by the author. (Phy. Rev. (2) 9, 
Pp. 341; 1917. Phy. Rev. (2) 10, p. 208; 1917. J. Op. Soc. Am. 5, p. 178; 1921. J. Op. Soc. Am. 6, 
p. 27; 1922. B.S. Sci. Pap. 443; 1922). 

In the light of this work, the method is now proposed as a complete and satisfactory solu- 
tion of the practical problem of the visual photometry and colorimetry of the illuminants (in- 
cluding the important phases of daylight) whose spectral distribution approximates the Plan- 
ckian formula closely enough to give a color match. This solution is based upon the principle of 
the additivity of homogenous luminosities and the assumption of a standard visibility function. 

The method falls in the general class of substitution ‘‘equality of brightness’’ methods. 
All brightness matches are made at a color match. This color match is obtained by modifying 
the color of a constant comparison source by allowing its light to pass through a train of nicol 
prisms and quartz plates which form, in effect, a blue or yellow filter of continuously adjustable 
spectral transmission. 

Tables and graphs have been prepared by which color temperature and candlepower or 
brightness may be readily obtained from the instrument readings on the basis of any visibility 
which it is desired to assume as standard. 

* * * * * * * * * * * * 


(Mr. Priest exhibited a model of the ‘‘Rotatory Dis- 
persion Colorimetric Photometer’’ as constructed by the 
Bureau of Standards for use in the colorimetry and pho- 
tometry of daylight and incandescent illuminants.) 


This instrument represents the chief tangible result of the 
development of an idea with which I have been working more or 
less intermittently for more than eight years. During that period 


*Stenographic report of a paper delivered by invitation before the Seventeenth Annual 
Convention of the Illuminating Engineering Society at Lake George, N. Y. Sept. 26, 1923, as 
revised and amended by the speaker. Published by permission of the Director of the Bureau 
of Standards, U. S. Department of Commerce, and the Director of the Munsell Research 
Laboratory. The instrument described was developed in part while the author was an employee 
of the Bureau of Standards and in part while a Research Associate of the Munsell Color Co., 
stationed at the Bureau of Standards. 

The Illuminating Engineering Society is not responsible for the statements or opinions 
advanced by contributors. 
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I have published a number of somewhat fragmentary and inade- 
quate papers on various phases of this subject, but, up to date, 
there has been no adequate publication and no unified treatment 
of the subject. However, a paper which I hope will be an ade- 
quate presentation of the whole subject will appear in the Decem- 
ber number of the Journal of the Optical Society. 


My chief purpose in accepting the invitation of your Papers 
Committee to speak at this meeting was to present the subject 
personally in a more concrete manner by exhibiting this instru- 
ment and demonstrating it to you. With this point of view, I do 
not intend to weary you with a detailed exposition of the theory 
of the instrument which I think you can follow much more to your 
own satisfaction and convenience in the printed paper which will 
appear later. If you do this, you will find some rather formidable 
mathematical formulas; but I assure you they are perfectly harm- 
less and they do not militate in any degree against the usefulness 
or practical value of the method. In the paper they serve the 
purpose of brevity of expression—and I believe that it is com- 
monly understood that such decorations add to the dignity of a 
scientific paper—but their detailed consideration here might have 
a depressing effect on what might otherwise be an enjoyable 
occasion. 

To get to the meat of this matter, this instrument serves two 
purposes which are somewhat distinct but at the same time are 
very closely related. 

The first purpose is the color grading of all the ordinary phases 
of daylight and all the incandescent illuminants on a simple, in- 


telligible scale color, that is on the scale of color temperature as 
first developed largely by Hyde, his colleagues, and others, and 
notably extended by the use of this instrument. The extension — 
consists of extending the experimental range of the method from — 
about 3,200 degrees absolute, where Hyde’s work left it, up to the | 
quality of the color of daylight and the blue sky, that is, up to— 


color temperatures in the neighborhood of 20,000 or 24,000 de- 
grees absolute. 


The second purpose of the instrument is to afford a means of 
comparing the relative intensities of illuminants in spite of their 


difference of quality, and in doing this it covers the whole field of 


the various phases of daylight, and all the incandescent illumin- | 
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ants, down to the yellow Hefner lamp. That is, it circumvents the 
difficulties of heterochromatic photometry. It does this, of course, 
on the basis of an assumed standard for the visibility function 
which Dr. Gibson was discussing a few minutes ago. 

I believe I can present this subject most clearly by describing 
first the instrument and its use, getting right down to brass and 
glass in its application, rather than by fcellowing the usual pro- 
cedure of such a presentation and elaborating on the theory first 
and then showing its incorporation into the instrument. 

* * * * * * a * * * * * 


At this point the speaker described the instrument and 
its use, pointing out its principal parts both on the instru- 
ment itself and on diagrams (by lantern slides) showing its 
construction. He also exhibited, by a lantern slide dia- 
gram, representative standard data on the color tempera- 
ture of various phases of daylight and various incandescent 
illuminants. Since this portion of the discourse can not be 
understood without reference to the diagrams, reference 
must be made to a paper which will appear under the same 
title in the Journal of the Optical Society of America, 
December, 1923.) 
* * * * * * a6 ok * * % bd 
This method and instrument provide means for the specifica- 
tion of color quality and the measurement of relative intensity 
for all incandescent illuminants and the important phases of day- 
light, including, on one extreme, the Hefner lamp, and, on the 
other, the blue sky. The practical solution of the problem of the 
photometry of illuminants of different quality here proposed is 
given explicity in the most simple and fundamental terms possible 
in the nature of the problem. The method is free of non-repro- 
ducible terms and temporary expedients in specification. At the 
same time it appears to be convenient and well adapted to ordinary 
routine work in the laboratory or in the field. This method and 
instrument are therefore recommended to the consideration of the 
Illuminating Engineering Society as a fundamental and convenient 
solution of the problems of the colorimetry and photometry of 
incandescent sources and daylight. 
There is obviously a great deal of detail which I can not dis- 
cuss within the time now avaliable. (Among other items is the 
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use of the “spectral centroid of light’ as a color index in some 
respects preferable to ‘color temperature’”.) I have planned to 
set up this instrument in the lobby upstairs with some lamps which 
I have brought along. I will exhibit it in operation and let those 
who may be interested stop there this afternoon and look into it. 
I have here the complete manuscript of the paper including the 
figures, and will have it upstairs with the instrument. Those who 
are interested may come and talk with me about it; those who are 
not may play golf. (The instrument was exhibited in operation in 
the hotel lobby during the afternoon) 


DISCUSSION 


M. LucxigsH: As one interested in color measurement for a 
great many years I want to take this opportunity of expressing my 
appreciation to Dr. Priest for the culmination of a really fine job. 


I confess that at times I was rather doubtful as to the outcome 
of an instrument using nicol prisms, not on account of. Dr. Priest’s 
ability at all but on account of the fact that I have abhorred nicol 
prisms in certain work. . 

Iam sorry Dr. Priest did not have time to go into the details of 
this. To me, it is most fascinating because it puts color measure- 
ment on a mathematical basis. I have often used mathematical 
relations and spectrophotometric curves for getting many data 
results without having to make measurements with an instrument. 

Mr. Priest’s instrument, being based on mathematical curves 
and being developed to this high state, I think is going to provide a 
means for a good deal of valuable data. I hope that he can extend 
it so we can get over into the measurement of hue and even over 
into that great field beyond black body radiation. But even for 
that alone, it seems to me we have something now that we have 
never had before—an instrument from which we can build various 
scales. 

A. H. Taytor: I would like to ask a few questions about this. 
One is whether there are any of the individual parts of this instru- 
ment which would require an experimental calibration; or, in 
other words, whether the curves which Mr. Priest has worked out 
apply alike to all instruments made up as nearly as possible 
identical with this one; second, whether it is possible with this 
instrument to match colors of sources which do not have a black 
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body distribution of energy—for example, the gas mantle, or in a 
more extreme case, colored glass which doesn’t have a systematic 
or uniform spectral distribution, or transmission; and third, as to 
the degree of accuracy which you can obtain with the instrument; 
that is, I don’t mean so much in measurements of candlepower 
(although I would like to know that) but color temperature; for 
example, just. how accurately you can measure color temperature. 


Max Possr: I would like to ask Mr. Priest whether he found 
any method of standardizing the effectivity of the nicol prisms 
when made in quantities. | 

NorMAN Macsetu: It may be of passing interest in this con- 
nection to state that we have developed an instrument for the 
measurement of daylight in units of color and intensity. This 
instrument enables us to measure also any color change from the 
ordinary Mazda lamp or even from a carbon filament lamp through 
the color changes to the extreme of blue sky daylight. The color 
temperature equivalents may also be noted to the point where we 
reach the maximum of direct sunlight at noon. 


We have used a certain blue glass that we call daylight glass. 
Two wedges were made, these are about 15 centimeters long, 3 
millimeters thick on one end and 1 millimeter at the other end. 
These wedges intercept a beam of light from a lamp house on a 
photometer track. Varying the distance between the lamp and 
Lummer-Brodhun cube permits an intensity match. The outside 
field of the comparison prism may be turned towards a white glass 
test plate or towards the sky or even a particular cloud in the sky. 
The color match depends upon the density of these daylight glass 
wedges interposed in the light path. Then as this particular blue 
glass is a definite mixture of three distinct colors of glass; a signal 
green, a full amethyst and a very pale blue; three additional sets 
of wedges of these glasses may also be used, so if at any time we 
should find a daylight color that varied from that which could 
ordinarily be matched with the daylight glass wedges we can add 
any or all of these colors, any combination of which can be repro- 
duced in a single glass to be used as a filter with a Mazda lamp as 
the source, for an exact reproduction of any color of light matched 
in this daylight colorimeter. 

We also have another daylight glass, the composition of 
which was worked out by Ives and Brady. ‘This is a glass 
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which Mr. Priest tells us perfectly possesses the property of raising 
the apparent color temperature of one black body to that of an- 
other, consequently with various densities of this glass and a Mazda. 
filament source any black body color can be matched. The Gage-: 
pcre glass, of which the first mentioned wedges were made, is| 
not a “sunlight” glass. That is to say, it will not result in an 
exact sunlight or black body radiation color match. It is my under-. 
standing that natural daylight from which direct sunlight is; 
absent is not an exact visual match for any black body temperature: 
color and the Gage glass possesses this daylight color character-. 
istic. This colorimeter is not on the market nor do I believe it is} 
likely to be as it was brought out in the usual course of our day-: 
lighting development to maintain a check on our own work., 
This instrument of Mr. Priest’s probably permits a great many’ 
determinations that we cannot make. At the same time, I believe: 
that we can make many measurements of considerable value in our’ 
particular work that Mr. Priest cannot make so exactly, but as our: 
work is highly specialized I do not believe that this in any manner: 
detracts from Mr. Priest’s achievement. 


Mr. I. G. Priest: Beginning with Mr. Macbeth’s question, II 
should say that probably the chief utility of this instrument for 
his purpose would be the calibration of his wedges in terms off 
color temperature. Probably a much cheaper and simpler instru- 
ment can be made for a great deal of field work, although personally) 
I should not prefer it. I would prefer to take this instrument into 
the field. 


Coming to Mr. Taylor’s and Dr. Poser’s remarks, I should have 
answered Mr. Taylor’s first question before it was asked. I in- 
tended to make it a part of my presentation, but did not do sa 
because of the limited time. The instrument is completely repro- 
ducible from specifications. It is not dependent upon an emperic 
calibration. However, the computation from given constants off 
the instrument—which any one might be excused for questioning 
—has been checked experimentally so that over considerable 
ranges we have both the computed calibration curve, (7.e. the 
theoretical calibration) and the emperic calibration curve. Some 
data on the comparison of the theoretical and empiric calibrations 
were given in a paper which I presented at the Optical Society 
nearly two years ago and have been published in Bureau of 
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Standards Scientific Paper, Number 443. In that paper it is 
shown that color temperatures measured by means of the theoreti- 
eal calibration of the instrument checked with color temperatures 
obtained by other means. For example, values reported independ- 
ently by Dr. Forsythe of the Nela Research Laboratory were 
checked with surprising accuracy. 


In regard to Mr. Taylor’s question about measurement of the 
color filters of course it should be stated there are several cases in 
which you can make a color match with this instrument. In the 
first place, you have identity or what may for practical purposes be 
called identity of spectral distribution between the test lamp and 
the distribution which you manufacture by means of the instru- 
ment. That, of course, gives a perfect colormatch. Then you have 
the case where you make a color match with the test lamp, the 
test lamp having a different spectral distribution than that pro- 
duced to color match it. A good example, perhaps the best ex- 
ample of that case is the case of the artificial daylight units such 
as have been proposed by Ives, Luckiesh and others. There we 
can measure the apparent color temperature of the artificial day- 
light unit with this instrument, but the daylight unit does not 
have the same spectral distribution because the glass has little 
kinks in its spectral transmission curve. The Ives-Brady glass, 
with the sources which are used with it, gives a perfect color 
matching. The conditions of the two cases are somewhat different. 


There is a still further case where we get only an approximate 
color match, where it isn’t possible with this instrument to match 
the source because it has not the spectral distribution character- 
istic of a black body. Such a case is the Moore carbon dioxide 
lamp. If we make observations on a Moore lamp (as we have 
done) our experimental data represent the temperature at which 
the color of a black body would most closely approximate to the 
Moore lamp, and the color difference then existent in the field is 
not much more than the least perceptible difference. But the 
Moore lamp is not a perfect color match to a black body and its 
spectral distribution of course as many of you know is widely dif- 
ferent from a black body. 


With regard to photometric accuracy, I published a great 
many years ago some preliminary photometric results which 
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showed I think very good agreement, within a per cent or so, with 
values obtained otherwise. 

I had some more slides to present dealing with the selection of — 
standard visibility data. I will sum that all up without presenting ~ 
the slides by saying that of course we assume a standard visibility 
function as a fundamental standard in this method. It makes 
absolutely no difference, however, for the determination of the > 
relative intensities of illuminants, whether you choose the I. E. §. | 
curve, the curve which I used, or the curve by Gibson and Tyndall, | 
or any other reasonable average; the results will be the same within 
the ultimate possible precision of photometric work. 
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SECTION ACTIVITIES 


NEW YORK Meeting—October 18, 1923 


At the first meeting of the New York Section held on October 18, a 
paper, “Lighting and Signal System of the Leviathan’’, was presented by Mr. 
W. M. Zippler, Electrical Engineer, Gibbs Brothers, Inc., New York. Prior 
to the meeting, the Dinner Committee successfully arranged a table d’hote 
dinner at Shanley’s Restaurant, 117 West Forty-Second Street. After the 
meeting the members and guests visited the S. S. Leviathan where an inspec- 
tion trip was made. The time allotted for the members and guests of the I. E. 
S. for visiting the Leviathan was from 8:00 to 10:00 P. M. It was estimated 
that about 400 people visited the Leviathan, and there were 150 members and 
guests at the dinner. 





PHILADELPHIA Meeting—October 22, 1923 


The Philadelphia Section met at the Engineers’ Club on October 22 to 
discuss a number of papers presented as follows: 

“The relationship of the Scientist to Illuminating Engineering,” By Lau- 
rence A. Hawkins, Research Laboratory of General Electric Co.; ‘The rela- 
tion of Illuminating Engineering to the Central Station,” By C. J. Russell, 
Vice-President, Philadelphia Electric Co.; ‘Proper lighting as an aid in the 
prevention of Accidents,’”’ By R. E. Simpson, Engineer, Travelers Insurance 
Co.; “Illuminating Engineering as an aid to the Architect,’’ By Emile G. 
Perrot, Architect and Engineer, Philadelphia; ‘‘Artificial Light in the Home,” 
By M. Luckiesh, Director, Laboratory of Applied Science, National Electric 
Lamp Works of G. E. Co.; ‘Illumination in Industry,’ By Jos. G. Crosby, 
Vice-President & General Manager, Whalen Crosby Electric Company, Phila- 
delphia; ‘The Effect of Modern Illuminants on the Eye” By Dr. George S. 
Crampton, Opthalmologist, Philadelphia. 

Preceding the meeting, members and guests to the number of twenty-five 
were served with dinner at the Engineer’s Club. This being the opening meet- 
ing of the year, the Chairman opened the meeting with a brief address to the 
members and guests, stating the scope and purpose of the Society, the object 
of the Philadelphia Section and the aim of the Officers and Papers Committee 

during the coming Section Year. 

Mr. G. B. Regar, Chairman of the I. E. 8S. Committee on Membership 
spoke of the increase in membership of the Society, calling particular attention 
to the results of last year. He urged that the Philadelphia Section be particu- 

larly active in this line. 

| After the presentation of the Papers for the evening an interesting discus- 
sion followed, which was participated in by Mr. Jos. D. Israel, Dr. Geo. A. 
Hoadley, Mr. Frank Lewis, of Baltimore, and Mr. M. E. Arnold. 
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CHICAGO Meeting—October 31, 1923 


The section met at the Benjamin Electric Mfg. Co. Chicago Office at 12:30 
P. M. and drove via automobile to the Copper Kettle at Oak Park, Illinois 
where lunch was served and then proceeded to the Benjamin Electric Mfg. 
Co. Factory, DesPlaines, Illinois. 

At 3:00 P. M. the members and guests made an inspection trip through the 
factory accompanied by guides who explained the various processes in the 
manufacture of porcelain steel lighting equipment. 

At 5 o’clock the various groups returned to the meeting place, Messrs. 
A. E. Clark and W. E. Quivey, of the Benjamin Electric Mfg. Company, gave 
a short talk on illumination as applied to their products. Mr. H. 8S. Thayer of 
the Atlas Electric Devices Company gave a short talk on the Violet Arc Fading 
Machine. Mr. W. J. Guntz of the Paul E. Johnson Co. gave a short talk 
followed by a discussion of the quartz tube mercury vapor unit used for light 
therapy. 


NEW ENGLAND Meeting—October 26, 1923 


The subject for discussion at the New England Section meeting on October 
26 was a series of solutions of a lighting problem. Messrs. R. B. Brown, James 
A. Toohey, L. S. Purdy and W. D. McCabe presented solutions which were > 
discussed by Messrs. R. B. Burnham, Philip Drinker and A. H. Hirons. 

The meeting was held at the Engineers’ Club and there was an attendance 
of fifty members and guests. Resolutions were adopted expressing regret of the 
death of Dr. Charles P. Steinmetz, Past-President, I. E. S. 


MICHIGAN Meeting—November 2, 1923 


The Michigan Chapter opened the Year of Cooperation with a joint meeting 
of the Industrial Engineers Society of Detroit and the Electrical Extension 
Bureau of Detroit. In the Detroit Edison Company’s Auditorium, Mr. Ward 
Harrison Illuminating Engineer, National Lamp Works of G. E. Co., Cleveland, 
Ohio, gave a lecture and demonstration of ‘Control of Light’’. 

There were 353 members and guests present at this lecture. Architects, 
factory and store executives safety engineers, factory maintenance engineers, 
and representatives of all branches of the electrical industry were present. | 
This attendance was attained through extensive advertising, letters to a se- 
lected mailing list, 500 printed posters, and splendid cooperation from the 
Detroit Safety Council, Detroit Retail Merchants Association electrical jobbers, 
electrical Extension Bureau and the Detroit Society of Industrial Engineers. 


The Chapter is planning a series of four or five more joint meetings for the 
Year of Cooperation, some of general interest and some of special interest to 
various groups which will be open to the public. 


NORTHERN NEW JERSEY Meeting—October 31, 1923 


A joint meeting with the ‘Ourselves Club” was held at Hackensack, N. J., 
October 31, 1923. The ‘Ourselves Club” is an organization of electrical con- 
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tractors and dealers and other people actively engaged in the electrical industry. 
Mr. Samuel G. Hibben gave a very interesting talk on “Facts on Lighting and 
Use of Light’’. 


Using some ingenious portable apparatus, Mr. Hibben accompanied his 
talk by giving very interesting demonstrations of light control, and showed 
what astonishing changes can be obtained from a single display by using light 
of various colors. Using a ‘‘shadow box”’ which permitted light to be thrown 
from different directions upon small statues and plaster masks, the effects of 
shadows on lighted displays were shown. Both the lecture and the demonstra- 
tions were not only interesting but of practical value to those present, as many 
of the lighting effects demonstrated can with advantage be applied in lighting 
of show windows or other displays, and may be directly applied by the electrical 
contractors in their work along these lines. 


An audience of sixty-five was present including Mr. Clarence L. Law, 
President of the Illuminating Engineering Society. Mr. Law spoke briefly of 
the satisfaction which he felt on seeing the meeting so well attended and con- 
gratulated both the officials of the ‘‘Ourselves Club” and of the Northern New 
Jersey Chapter on the excellent work they were doing in furthering better 
lighting practice and the idea of cooperation between electrical contractors and 
dealers and the illuminating engineers. 


TORONTO Meeting—October 15, 1923 


The first meeting of the Toronto Chapter was held at the School of Science, 
University of Toronto on October 15, Messrs. George G. Cousins and W. H. 
Woods presented a resumé of the principal papers discussed at the Lake George 
Convention of the I. E. S. 


At this meeting committees were appointed to draw up a tentative ‘“‘Code 
of Industrial Hlumination” for consideration of the Provincial Government at 
the request of the Canadian Electrical Association, and to consider ‘‘Automo- 
bile Number Plate Illumination” and report to the Provincial Government. 


PITTSBURGH Meeting—October 25, 1923 


The organization meeting of the Pittsburgh Chapter was held on October 
25, in attendance there were forty members and guests. The following officers 
were elected: Chairman, Franklin W. Loomis; Secretary-Treasurer, Sanford 
C. Lovett; Executive Committee, L. J. Kiefer, G. W. Ward, J. P. Warner; 
Committee Chairmen: Papers, E. Y. Davidson, Jr., Membership, Douglas 
Wood; Attendance and Publicity, J. J. Husson; Entertainment, J. H. Van 
Aernam. 
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COUNCIL NOTES 
ITEMS OF INTEREST 


At the meeting of the Council, November 8, 1923 the following were elected 

to membership: 

Eleven Associate Members 

Byrne, THomas W., Electrical Engineer, 710 Little Bldg., 80 Boylston St., 
Boston. 

DoLBEARE, WaLTER IRviNG, Commercial Lighting Salesman, Blackstone 
Valley Gas & Electric Co. 231 Main St., Pawtucket, R. I. 

FLANAGAN, E. C., Salesman, Illuminating Glassware, The Phoenix Glass Co. 
P. O. Box 757, Pittsburgh, Pa. 

Hunter, T. A., Manager, Lighting Dept. Pacific States Electric Co., 236 S. 
Los Angeles St., Los Angeles, Calif. 

KARAPETOFF, VLADIMIR, Professor of Electrical Engineering, Cornell Univer- 
sity, 607 East State St., Ithaca, N. Y. 

Kina, Fioyp E., Salesman, Wheeler Reflector Co., 156 Pearl St., Boston, Mass. 

Lovett, Sanrorp C., Edison Lamp Manager General Electric Co., 1318 
Oliver Bldg., Pittsburgh, Pa. 

PIERSOL, ROBERT JAMES, Illumination Research Engineer, Westinghouse Elec. 
& Mfg. Company, East Pittsburgh, Pa. 

Suryrock, Epwin W., Illuminating Specialist, West Penn Power Co., 14 Wood 
St., Pittsburgh, Pa. 

Van AbRNAM, J. H., Electrical Jobber, Iron City Electric Co., 436 Seventh 
Avenue, Pittsburgh, Pa. 

WESTERVELT, A. E., Manager, Lighting Inspection Bureau, The New York 
Edison Co. 130 East 15th St., New York, N. Y. 


OTHER CHANGES IN MEMBERSHIP 


One Transfer to Member 


Mayo, Hersert J., Sales Engineer, Benjamin Electric Mfg. Co., 582 Howard 
St., San Francisco, Calif. 


One Member Reinstated 
Owens, H. Tuourston, 51 East 42nd St., New York, N. Y. 


The General Secretary reported the death, on October 27, 1923 of one 
member, L. E. Voyer; I[luminating Engineer, San Francisco Office, General 
Electric Co., San Francisco, Cal., and four associate members, in the recent 
Japanese earthquake, as follows: Tetsuya Fujii; Engineer in charge of Labor- 
atory, Tokyo Electric Co., Kawasaki-machi, Kanagawa Ken, Tokyo, Japan. 
Kenjiro Kato; Chief of Engineering Section, Tokyo Electric Co., Kawasaki- 
machi, Kanagawa Ken, Japan. kK. Khikata; Tokyo Electric Co., Kawaski, 
Kanagawa-Ken, Japan. Hannosuke Murota; Electrical Engineer, Tokyo 
Electric Co., Kawasaki-Kanagawa, Ken, Japan. 
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Upon the recommendation of the Council Executive Committee, Mr. 
Norman D. Macdonald, was appointed General Secretary to fill the unexpired 
term of Mr. Samuel G. Hibben. The resignation of Mr. Hibben as General 
Secretary was presented to the Council on October 11, 1923 to take effect 
November 8, 1923. 


CONFIRMATION OF APPOINTMENTS 


As members of the Committee on Motor Vehicle Lighting—F. C. Caldwell, E. C. 
Crittenden, A. W. Devine, C. E. Godley, C. A. B. Halvorson, Jr., John A. 
Hoeveler, W. A. McKay, A. L. McMurtry, H. H. Magdsick, L. C. Porter. 

As members of Committee on Sky Brighiness—H. H. Kimball, Chairman, E. C. 
Crittenden, E. H. Hobbie, James E. Ives, Bassett Jones, W. F. Little, M. 
Luckiesh, L. B. Marks, I. G. Priest. 

As members of Committee on Membership—C. E. Addie and F. H. Murphy. 

As members of Committee on Sustaining Members—W. T. Blackwell and E. J. 
Teberg. . 

As Official Representative on the U. S. National Committee of the International 
Commission on Illumination—G. H. Stickeny. 

As Local Representative at Salt Lake City—L. B. Gawan. 


At the meeting of the Executive Committee of the Council held on October 
25, 1923, the petition for a charter presented by the Pittsburgh Chapter was 
granted. 


NEWS ITEMS 


Professor Vladimir Karapetoff of the School of Electrical Engineering, Cor- 
nell University, has been awarded a prize of four thousand francs by the 
Montefiore Foundation of the University of Liege, Belgium. The award was 
made for his kinematic computing devices of electrical machinery, described 
in the technical press during the last three years. A committee of five Belgian 
and five foreign members, which makes these awards, has characterized this 
work as an expression of a “‘new idea which may lead to important develop- 
ments in the domain of electricity’’. 


Mr. L. E. Voyer, assistant local sales manager of the Edison Lamp Works 
of the General Electric Company at San Francisco, died October 27, 1923 of 
double pneumonia after a five days’ illness. He was well known as an illuminat- 
ing engineer, especially throughout the Pacific Coast section, where he will be 
remembered for his notable work in connection with the headlight laws of the 
state motor vehicle act in California, his assistance in the Panama-Pacific 
Industrial Exposition and his work in advancing lighting practice in the state 
of California. He took an active and guiding part in the establishment of 
various lighting regulations there, including the Code of Lighting for industrial 
plants. One of his first activities was in connection with the headlights used on 
railway locomotives, when he secured a more logical interpretation of those 
laws both in California and Nevada. 
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Mr. Voyer was born September 10, 1887, at Junction City, Wisconsin. 
He entered the employ of the General Electric Company at Harrison, N. J., in 
I9II as a student engineer. In 1912 he was transferred to the illuminating 
engineering department at Harrison and in 1913 he was transferred to the San 
Francisco office as a special illuminating expert. He was an alumnus of the 
University of Wisconsin, class of 1911. He has been constantly in communica- 
tion with illuminating engineering work in the east, being active in the work of 
the Illuminating Engineering Society. As western representative of this 
organization on the Committee on Motor Vehicle Lighting he assisted in the 
co-ordination of regulations adopted in various states. He established the 
Bay Cities chapter of the Illuminating Engineering Society, being its first 
chairman. 


The Japanese earthquake exacted a toll of lives among Illuminating Engi- 
neers. A report just received from Mr. M. Uchisaka, Tokyo Electric Company, 
Limited, gives the following members of the society as among those who lost 
their lives in that catastrophe—Tetsuya Fujii, Kenjiro Kato, Hamnosuke 
Murota, and Kimo Shikata. In addition, Mr. T. H. Amrine, who was a 
member of the Society when connected with the Edison Lamp Works of 
General Electric Company, at Harrison, N. J., was lost with his family. 

Although several of the buildings of the Tokyo Electric Company’s lamp 
factory at Kawasaki were razed by the earthquake, the Japanese have, with 
their customary energy, been rapidly reconstructing and are already manu- 
facturing in quantity to meet the demand. 


The negative of the group picture taken at the Lake George Convention 
last September has been sent to the General Office. Orders for the group 
photograph may be sent to the General Office up to December 31, 1923, the 
cost of the photograph will be $1.50 delivered. 
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Norman D. Macdonald Preston S. Millar 
. B. Marks. H. F. Wallace 


FINANCE.—(Of three members: to continue 
| until successor is appointed.) Preparea 
budget; approve expenditures; manage 
the finances; and keep the Council in- 
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R.C. Taggart. 


MEMBERSHIP.—To obtain 
individual memberships. 


additional 


G. Bertram Regar, Chairman. 
1000 Chestnut St., Philadelphia, Pa., 


C. E. Addie F. W. Bliss, 

J. F. Anderson, R. I. Brown, 
C. A. Atherton, J. E. Buckley 
W. T. Blackwell, W. E. Clement. 


COMMITTEES -- 1923-1924 


George G. Cousins, James D. Lee, Jr., 


E. C. Crittenden, F. W. Loomis, 
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ADVERTISEMENTS I 


The application of proper lighting equipment 
to secure a required lighting result! 


For Eye Comfort 


The nearest approach to daylight for eye 
efficiency and perfect eye comfort. 


The artistic luminaires developed 
in our studios produce X-Ray 
Engineered Eye Comfort Lighting. 


You are invited to visit our Studios and con- 
sult with us on your lighting problems. 


NATIONAL X-RAY REFLECTOR CO. 


The Clearing House for Lighting Ideas 
New York CHICAGO Los Angeles 
Engineers in all Principal Cities 


OLD TRANSACTIONS WANTED 


Vol. XV, 1920—Nos. 1, 4, 5, 7, 8 and 9 
Vol. XVI, 1921—Nos. 2, 3, 7, 8 and 9 
Vol. XVII, 1922—Nos. 5, 8, 9 and 10 
Vol. X VITI, 1923—Nos. 1, 3, and 4 


Advise the General Office of Issues for sale and prices will be quoted. 





OFFPRINT ORDERS 


In order to minimize the expense of holding type, the printer 
has been instructed to throw the pages of the TRANSACTIONS 
shortly after publication. Authors wishing to secure offprints at 
the minimum rate should notify the General Office in advance. 
For offprints ordered after publication in the TRANSACTIONS a 
a higher fee must be charged. 

COMMITTEE ON EDITING AND PUBLICATION 
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2 The beauty, 
Practicability 
and Economy 


of modern gas lighting are expressed 
to their fullest degree in Welsbach 
Semi-Indirect Lighting Fixtures. 
Numbered among these are styles 
and designs for practically every 
single-unit lighting need. 


Melstach,, 


No 1842 LIGHTING 


A beautiful example of 


h i-Indirect 
Pattie Victim FIXTURES 





Welsbach Semi-Indirect Lighting Fixtures are the develop- 
ment of a company that has devoted its life to the manufacture 
of gas appliances that meet the highest ideal. The greatest possi- 
ble skill and care and the finest grade of material are employed 
in every case. 


Welsbach Semi-Indirect Lighting Fixtures possess many 
exclusive advantages. One of their outstanding features is a 
metal hood placed above the mantles. This hood directs out- 
ward and dissipates the products of combustion, preventing dis- 
coloration of the metal work and ceiling. 


A set of booklets describing the various styles 
of Welsbach Fixtures, will be sent upon request 


WELSBACH COMPANY 


Gloucester, N. J. 


Member American Gas Association 
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Pulling a Fresh 
Dielectric Surface 
Into Place By 
Spreading the Clip 
and Drawing Out 
the Film 







Maintenance is Easy with the 
G-E Magazine Film Cutout 


Any device which makes street 
lighting systems better and easier 
to maintain benefits the central 
station as well as the public. 


Asmallroll ofinsulating tape, ina 
heat-proof, damp-proof capsule, 
which feeds like a camera film— 
that is the G-E Magazine Cutout. 
Its 15 dielectric surfaces make it 


StandardiCarton of that many times more convenient 
100 Capsules— than older types of circuit closing 
Film for 1500 Punc- devices. 

tures 


When the lamp fails, the tape punc- 
tures between the socket clips, and 
the line is closed. The repair man 
merely pullsout the punctured part 
and tears it off. He can dothatin 
the dark 


No dirty fingers have smudged the 
dielectricsurface of the tape, reduc- 
ingitseffectiveness. No loose pieces 
of film need to be carried in the line- 

ae man’s pocket. There can never be 
peered eens any excuse for the use of bits of 
Fresh Film paper or other substitutes for the 
proper insulation because the fresh 
dielectric surface is always ready 
at hand. 


Despite all these advantages, the 
cost cf G-E Magazine Film Cut- 
outs islcss than that of older types 













4 of film. 
General Electric Company ree oe i a se ee pane £ 
sk any G-E street lighting specialist for 
Schenectady, N. Y. a sample. 


sENERAL ELECTRIC 


35C-117D 
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HEN strangers visit 

your city, are they 
impressed with the attract- 
iveness of its streets and 
boulevards ? 
An installation of Westing- 
house Ornamental Street 
Lighting will help your city 
to answer in the affirmative 
the above question. 


Westinghouse Electric & 
Manufacturing Company 
George Cutter Works 
South Bend, Indiana 
Sales Offices in All Principal 
Cities of the United States 
and Foreign Countries 
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Reflector - Socket - Fixture. 


This ‘‘easy to wire” feature has saved 
manufacturers many dollars in the in- 
stallation of their industrial lighting 
equipment. It is one of the chief reasons 
for the wide popularity of Westinghouse 
Reflector-Socket- Fixtures. 


Westinghouse Interior Lighting Engi- 
neers will be pleased to show you how 
installation costs can be kept at a mini- 
mum and other benefits obtainable by 
the use of Westinghouse Reflector - 
Socket - Fixtures. 


For complete information, write to— 


Westinghouse Electric & Manufacturing Company 
George Cutter Works South Bend, Ind. 


install a complete Westinghouse 





Westinghouse 
Mazda Lamps 





Westinghouse Reflector- 
Socket with Standard 
RLM Dome Reflector 


Westinghouse 
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The Transactions 


and other publications are a con- 
siderable part of our business. 


Commercial Work 


such as office forms, catalogs, 
folders, and similar special 
material, however, are aS impor- 
tant to us as periodicals. 





We should like to figure 


with you on your next list of 
printing. 


Personal Attention Economical Service 


Cornell Publications 
Printing Company 


ITHACA, NEW YORK 























L. B. MARKS STONE & WEBSTER 


Incorporated 
: EXAMINATIONS REPORTS 
~~ CONSULTING ENGINEER Se ose 


- ILLUMINATING 103 PARK AVE. INDUSTRIAL AND PUBLIC SERVICE 


PROPERTIES 
oe NEW YORK New York Boston CHICAGO 


14-Karat gold with safety IF, Blue background for 


ct [ Members. Red Back- — 
pin clasp, highest grade ground for Associate 


enamel. : Members. 


BADGE 


PRICE $3.50 


The official emblem of the Society is represented above. Orders 
should be sent to the General Office. 


ILLUMINATING ENGINEERING SOCIETY 
29 WEST 39th STREET NEW YORK, N. Y. 





TRANSACTIONS 


OF THE 


| LLUMINATING ENGINEERING SOCIETY 


OFFICE OF PUBLICATION: 125 W.STATE ST., ITHACA,N. Y. 


| Published monthly except June and August under the direction of the Com- 
| mittee on Editing and Publication. 


DATES OF PUBLICATION 


No. 1, January No. 2, February No. 3, March | 
No. 4, April No. 5, May No. 6, July 
No. 7, September No. 8, October No. 9, November 


No. 10, December 


\UBSCRIPTION, $7.50 PER ANNUM SINGLE CopPIES $1.00 
FOREIGN SUBSCRIPTION $8.00 PER ANNUM 


ADVERTISING RATES MAY BE HAD UPON APPLICATION 2 
TO THE GENERAL OFFICES OF THE SOCIETY 
29 WEST 39TH STREET, NEW YORK,N.Y. 


Ch TERED AS SECOND CLASS MATTER AT THE ITHACA, N. Y. POST OFFICE 
2C SEPTANCE FOR MAILING AT SPECIAL RATE OF POSTAGE PROVIDED FOR 
| IN SECTION 1103, ACT OF OCTOBER 3, 1017, AUTHORIZED JULY 16, 1018 

- COPYRIGHT 1923 BY THE ILLUMINATING ENGINEERING SOCIETY 




















